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Abstract Objective: We present our alternative hydronephrosis grading system (AGS) in an
attempt to establish optimal treatment guidelines, and clarify and refine the criteria for sever-
ity of hydronephrosis in neonates.
Patients and methods: A total of 162 newborns (228 affected kidneys) with antenatally diag-
nosed primary ureteropelvic junction-type hydronephrosis were prospectively followed and
treated by the same surgeon for a mean of 46 (6e65) months. Ultrasonography and diuretic
renogram were used for diagnosis and follow up. Society for Fetal Urology (SFU) grading system,
anteroposterior diameter of renal pelvis (APDRP) and our AGS were used to determine the de-
gree of hydronephrosis. AGS: 0, no hydronephrosis; 1, dilatation of renal pelvis alone; 2, plus
caliceal dilatation; 3, plus <1/2 (mild-to-moderate) renal parenchymal loss; 4, plus >1/2
(severe) renal parenchymal loss (cyst-like kidney with no visually significant renal parenchyma).
Results: On the first postnatal ultrasound, the severity of hydronephrosis was SFU � 2 in 152
kidneys (surgery, 0%), SFU-3 in 41 kidneys (surgery, 19.5%) and SFU-4 in 35 kidneys (surgery,
68.6%). The follow up, treatment and outcome of SFU-1 and SFU-2 patients were similar; all re-
solved spontaneously without renal deterioration (renal function >40%). Renal function ranged
between 7% and 39% in SFU-4 patients. Intrarenal pelvis was found in one patient with an APDRP
of <15 mm, seven patients of 16e30 mm, and five patients of >30 mm. Overall, 201 hydrone-
phrotic kidneys (88.2%) resolved spontaneously while 27 (11.8%) required pyeloplasty.
Conclusion: Neither an SFU grading system nor measurement of APDRP is the gold standard in
determining the severity of hydronephrosis. Both methods may fail, particularly in children with
intrarenal pelvis configuration or SFU-4 hydronephrosis. Our AGS promises easier follow up and
more timely treatment.
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Introduction

Early diagnosis and thus timely treatment and follow up of
patients with hydronephrosis are now available because of
increased technical improvements in prenatal diagnosis.
The distinction between urinary tract obstruction and
urinary dilatation remains a challenging problem [1e4].
There is a significant correlation between the severity of
hydronephrosis and prognosis [2,5e10]. The indications
for and timing of surgery for severe newborn hydronephro-
sis are still debated, and disagreement exists over the abil-
ity of different diagnostic tests to define obstruction
accurately or predict which kidney will benefit from surgi-
cal intervention. It is crucial to determine the exact level
of severity of hydronephrosis for timely and appropriate
follow up and prompt treatment of patients with primary
UPJ-type hydronephrosis. The anteroposterior diameter of
the renal pelvis (APDRP) and Society for Fetal Urology
(SFU) grading systems based on ultrasound are the most
commonly used methods in the literature for determining
the severity of hydronephrosis [2,5e8,11,12]. Both of these
methods may fail in their level of accuracy in some patients
[8]. These findings encouraged us to share our experience
of neonates with antenatally diagnosed hydronephrosis,
and to present our alternative hydronephrosis grading sys-
tem (AGS) in an attempt to establish optimal treatment
guidelines, and clarify and refine the criteria for severity
of hydronephrosis.

Patients and methods

The study population consisted of 162 neonates (228
hydronephrotic kidneys) with primary UPJ-type hydroneph-
rosis initially diagnosed in utero who were prospectively
followed by the same surgeon in 2001e2005 for a mean of
46 months (range: 6e65). Patients were excluded from the
study if they had ipsilateral or contralateral reflux, duplex
system, fused kidney, solitary kidney, ureteral dilatation,
or anatomical or neuropathic abnormality of the lower uri-
nary tract.

All patients underwent initial and periodic assessment of
hydronephrosis using ultrasound and diuretic renography.
Because the hydronephrosis increased during bladder filling
and voiding, ultrasounds were performed when the bladder
was empty. Ultrasound was used to evaluate the degree of
hydronephrosis which was graded according to the SFU
guidelines [11], APDRP and Onen’s AGS (Fig. 1). The Onen’s
AGS was as follows: 0, no hydronephrosis; 1, dilatation of
renal pelvis alone; 2, plus caliceal dilatation; 3, plus <1/2
(mild-to-moderate) renal parenchymal loss; 4, plus >1/2
(severe) renal parenchymal loss (cyst-like kidney with no
visually significant renal parenchyma). Technetium-99m
DPTA or MAG 3 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 because of its inaccuracy
in assessing obstruction in neonatal hydronephrosis [2,5].

Surgical intervention was performed only if urinary
obstruction developed and produced evidence of renal
deterioration. This was defined as a decrease in individual
kidney differential function (greater than 10%), progression
of hydronephrosis on ultrasound, and/or presence of
symptoms (UTI, pain). Our surgical indications based on
ultrasonographic findings were progression of hydroneph-
rosis from grade 1 to 3, grade 2 to 3 with some degree of
renal function deterioration, and grade 3 to 4, and
persistence of grade 3 until 3 years of age and persistent
of grade 4 for more than 1 month. Dismembered pyelo-
plasty was undertaken using the same technique by the
same surgeon in all patients when indicated.

We attempted to follow a protocol during the first
3 years of life that based the interval between initial and
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Figure 1 Comparison of SFU hydronephrosis grading system and Onen’s AGS.
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subsequent diagnostic tests on renal function in the hydro-
nephrotic kidney, and the severity and persistence of hy-
dronephrosis on serial ultrasounds. The ultrasound scan
was performed on day 4 of life in children with the exami-
nation repeated to grade hydronephrosis and radionuclide
studies undertaken at 4e6 weeks of age. Differential renal
function was measured in each kidney of each pair, and the
difference in percentage function between the kidneys was
used to assess and compare subsequent changes in differen-
tial function of each with time in bilateral cases. Blood cre-
atinine level was measured to define the global kidney
function in all bilateral cases.

Voiding cystourethrography (VCUG) was done only when
there was clinical and/or ultrasonographic evidence or
suspicion of VUR or infravesical obstruction as described
previously [13]. We performed VCUG when there were such
clinical findings as UTI despite prophylaxis, history of void-
ing difficulty and bladder distention, or such ultrasono-
graphic 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%) had left-sided, and 31 (19.1%) had right-
sided hydronephrosis. The degree of hydronephrosis based
on the initial ultrasound is illustrated in Table 1. Many of
our patients had bilateral SFU-1 or SFU-2 hydronephrosis.
This result is possibly due to the fact that these patients
were observed and followed prenatally at our institution
by two experienced perinatologists from the beginning of
pregnancy. Of the 228 hydronephrotic kidneys, 201
(88.2%) resolved spontaneously with non-operative follow
up, while 27 (11.8%) required pyeloplasty because they
had evidence of obstructive injury, including increased
hydronephrosis in 14, decreased function in nine, and
decreased function and increased hydronephrosis in four.
The mean age for pyeloplasty was 5.6 months (range
1e21 months) in 25 patients, while it was 38 and 73 months
in the other two patients. Maximum ultrasonogram im-
provement usually occurred within the first year after

Table 1 Degree of hydronephrosis as seen on first postnatal
ultrasound

APDRP Affected kidneys (n Z 228) SFU grade

< 15 mm
153

152 SFU � 2
1

SFU-3
16e30 mm

48
40
8

SFU-4
>30 mm 27 27
pyeloplasty. The surgical treatment rate and renal function
based on the degree of hydronephrosis are shown in Table 2.
The requirement for pyeloplasty was found to be greater as
the degree of hydronephrosis increased. Intrarenal pelvis
configuration was found in one patient with APDRP
<15 mm (surgery, 1/1), seven patients with APDRP 16e
30 mm (surgery, 3/7), and five patients with APDRP
>30 mm (surgery, 5/5).

Of the 49 significantly hydronephrotic 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 reso-
lution or improvement of hydronephrosis, half-time was
greater than 30 min in four (8.2%), 20e30 min in 10
(20.4%) and less than 20 min in 35 (71.4%). Initial diuretic
renogram washout half-time in 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, the 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).

The follow up, treatment and outcome of all patients
with SFU-1 or SFU-2 hydronephrosis were similar; all re-
solved spontaneously without renal deterioration (renal
function >40%) (Table 2). Renal function ranged between
7% and 39% in SFU-4 patients. The follow up, treatment
and outcome of SFU-4 patients differed depending on renal
parenchymal loss and renal deterioration. After a mean fol-
low up of 46 months, significant renal deterioration (renal
function less than 10%) was observed in three patients. Of
these, one had ectopic pelvic kidney, and one had SFU-4
hydronephrosis during the neonatal period but was lost to
follow up before diuretic renography, and did not undergo
pyeloplasty. The third patient had SFU-4 hydronephrosis
with intrarenal pelvic configuration. He underwent pyelo-
plasty at the age of one month with renal function of 13%.

Discussion

The therapeutic approach for primary UPJ-type hydro-
nephrosis is determined according to the severity of hydro-
nephrosis on ultrasound, kidney function on renal
scintigraphy, unilaterality or bilaterality of hydronephrosis,
and the presence of symptoms [2,5e8,10e18]. In the liter-
ature, the indication for pyeloplasty was found to be an in-
crease in hydronephrosis on ultrasound in 60% of patients,
decrease in kidney function on renal scintigraphy in 15%, in-
creased hydronephrosis and decreased kidney function in
20%, and presence of symptoms (UTI, pain) in 5% of patients
[2,5e7,12,14,16,19]. Thus, pyeloplasty has been performed
on the basis of ultrasonographic findings in 80% of patients
who underwent surgical correction. In our series, the surgi-
cal indication was increased hydronephrosis in 52% of
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Table 2 Comparison of first postnatal APDRP and degree of hydronephrosis with treatment and initialefinal renal function

Total, n Conservative
treatment, n

Pyeloplasty,
n (%)

Initial mean
GFR (range)

Final mean
GFR (range)

APDRP
< 15 mm 153 152 1 (0.7) 47 (43e49) 48 (45e49)
16e30 mm 48 37 11 (22.9) 38 (34e48) 43 (37e48)
>30 mm 27 7 20 (74.1) 33 (7e38) 40 (18e45)
Overall 228 201 27 (11.8) 40 (7e49) 43 (18e49)

Degree of hydronephrosis
SFU � 2 152 152 0 (0) 48 (44e49) 48 (45e49)
SFU-3 41 33 8 (19.5) 43 (40e48) 46 (42e48)
SFU-4 35 11 24 (68.6) 33 (7e38) 40 (18e45)
Overall 228 201 27 (11.8) 40 (7e49) 43 (18e49)
patients, greater than 10% decrease in renal function in
33%, and increased hydronephrosis and decreased function
in 15% of patients. Overall, increased hydronephrosis on ul-
trasound played a role as a surgical indication in 67% of our
patients who underwent pyeloplasty. Hafez et al. [20]
clearly demonstrated the diagnostic value of ultrasound ex-
amination in the follow up of hydronephrosis patients. It
has been shown that progression of hydronephrosis on two
consecutive ultrasound scans is associated with deteriora-
tion of renal function, and this has been used as an indica-
tion for surgery [15,18,20]; therefore, some authors have
used ultrasound as a main diagnostic tool during follow up
of hydronephrosis [13,20]. Our recommendations for follow
up of these children are summarized in Table 3. The renal
function tests currently available are inaccurate in infancy,
and kidney immaturity may lead to misinterpretation dur-
ing preoperative evaluation. Many authors have pointed
out that initial renal function <40% served as an indication
for pyeloplasty [6,7,9,17,18]. The inability of diuretic reno-
gram washout to diagnose obstruction or predict the future
course of hydronephrosis in the infant was noteworthy in
our patients. In addition, the use of differential renal func-
tion to provide a definition of obstructive injury in neonates
with hydronephrosis requires clarification. This is true par-
ticularly for bilateral hydronephrosis, because there is no
normal control and the function of both kidneys is poten-
tially at risk. A well-constructed hydronephrosis grading
system based on ultrasonographic findings may alone be
Table 3 Recommendations for treatment and follow up of primary UPJ-type hydronephrosis according to Onen’s AGS

Grade 1:

e Follow up only with serial ultrasound is enough (1 monthe3 monthse1 yeare2 years of age)
e No need for prophylactic antibiotics
e No need for renal scintigraphy
e No need for any 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 in every other control up to 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 in every other control up to renal function >35%
e Surgical (pyeloplasty) indications: increase in hydronephrosis, >10% decrease in renal function, presence of symptoms,

persistence of grade 3 after 3 years of follow up

Grade 4:

e Early intervention, after a 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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sufficient and safe enough for the follow up of the majority
of UPJ-type hydronephrosis cases. We believe that renal
scintigraphy, which is an invasive study, is necessary only
for follow up of patients with significant hydronephrosis,
and pre- and postoperative evaluation in those who
undergo pyeloplasty.

There is still great controversy over surgical indications
in patients with severe UPJ-type hydronephrosis in the
literature [2,6e8,13,14,16,18]. Although there is general
agreement that increase in hydronephrosis and decrease
in renal function are acceptable indications for pyeloplasty
in such patients, the relevant degree of both continues to
be debated. Our decision to intervene surgically was based
entirely on serial measurements and depended on subse-
quent change. In our series, pyeloplasty was performed
when there was evidence of obstruction, defined as wors-
ening hydronephrosis and/or decreasing renal function
(greater than 10%). Our surgical indications based on ultra-
sonographic findings were progression of hydronephrosis
from grade 1 to 3, 2 to 3 with some degree of renal function
deterioration and 3 to 4, and persistence of grade 3 until
3 years of age and grade 4 for more than 1 month. There
is a significant correlation between the severity of hydro-
nephrosis and prognosis [2,5,6]. Irreversible renal damage
may occur, particularly in those with severe hydronephro-
sis, if the severity of the condition is not accurately deter-
mined and early correction is not performed [7,9,15,18,21].
Although there was increased hydronephrosis as well as
a decrease in renal function in only 15% of our patients,
some degree (less than 10%) of renal functional deteriora-
tion was observed in another 26% of patients who under-
went pyeloplasty due to increased hydronephrosis or
persistent grade 3 hydronephrosis for 3 years. In our opin-
ion, the duration of severe hydronephrosis is also an impor-
tant point. We speculate that if significantly increased
hydronephrosis is not treated surgically, the majority of
cases will undergo at some stage renal function deteriora-
tion. Most grade 3 cases that persist for more than 3 years
will not improve or resolve spontaneously. Patients cannot
be left untreated with this level of severity of hydronephro-
sis, and invasive follow up may be required until adulthood
if we do not treat them surgically. In patients with persis-
tent AGS-4 hydronephrosis, we are tempted to speculate
that early surgical intervention after a short period of fol-
low up may be safer than a long non-operative costly follow
up that will end at some stage in almost all cases undergo-
ing pyeloplasty because of renal function deterioration. We
follow our patients prospectively from the antenatal
period. The majority of AGS-4 patients have AP diameter
greater than 50 mm and have no visual renal parenchyma.
Renal function may not be measured accurately with this
severity of hydronephrosis. This is particularly true for
bilateral cases. Prompt and appropriate follow up is crucial
not only for prevention of unnecessary surgical interven-
tions but also for timely pyeloplasty.

Unfortunately, kidneys at risk are not able to be
identified in advance using the currently available hydro-
nephrosis grading modalities, which include SFU grading
system and/or measurement of APDRP. The degree of
hydronephrosis and follow up of these patients are more
commonly determined based on an SFU grading system in
North America and some other countries [2,5,7,10,11].
SFU-1 and SFU-2 hydronephrosis represent different de-
grees of renal pelvic dilatation and are difficult to differen-
tiate. Most important is that the treatment, follow up and
prognosis of patients with SFU-1 and SFU-2 primary UPJ-type
hydronephrosis are similar [2,8,10,13,14]. Another important
point is that within SFU-4 is represented a considerable range
of severity of hydronephrosis. Not only does SFU-4 indicate
one-half renal parenchymal loss with no severe renal func-
tional deterioration (i.e. renal function over 35%) but it
also includes severe renal parenchymal loss and cyst-like
hydronephrotic kidneys with significant deterioration of
renal function (i.e. renal function less than 20%). This
wide definition of SFU-4 may cause failure to demonstrate
accurately the severity of hydronephrosis at the beginning
of follow up, and thus a significant delay in treatment. In
our AGS (Fig. 1), both SFU-1 and SFU-2 hydronephrosis are
accepted as AGS-1 since both present renal pelvic dilata-
tion alone and they have a similar outcome. SFU-3, which
represents caliceal dilatation, is accepted as AGS-2. Be-
cause the most controversy surrounds the treatment of
SFU-4 patients, and because unnecessary or delayed sur-
gery is an issue here, SFU-4 is divided into AGS-3 and AGS-4.
If renal parenchymal thickening of the hydronephrotic kidney
is greater than half of the contralateral kidney parenchyma
we accept it as grade 3; if it is less than half of the contra-
lateral kidney parenchyma we accept it as grade 4
hydronephrosis.

Severity of hydronephrosis is established according to
APDRP in many European countries, particularly the UK
[6,12]. This approach may be insufficiently sensitive in
some patients [2,8]. We attempted to measure pelvic diam-
eter and test its ability to diagnose obstruction as reported
[6], but were thwarted by several factors, including
changes in pelvic size that occurred during the same study
as a result of voiding, inconsistency in measurements of
maximal pelvic diameter, and difficulty in distinguishing
pelvic size inside the parenchymal mantle (intrarenal pel-
vis) from extrarenal pelvic enlargement. Although the
new AGS is also an ultrasound grading system, it actually
is very simple, is clearer and easier than the previous grad-
ing systems, and eliminates many of the disadvantages of
previous systems. The Onen’s AGS depends upon the
appearance of hydronephrotic kidney, the thickness of re-
nal parenchyma in transverse section and the presence of
caliceal dilatation; it does not depend upon the size of
the pelvis. The measurement of renal parenchyma is easier
than of APDRP and less affected during voiding due to the
fact that renal pelvis is more compliant than renal paren-
chyma. We perform the ultrasound study when the bladder
is empty to minimize any disadvantages at least partially.
The absence of caliceal dilatation usually suggests mild
hydronephrosis regardless of the APDRP [2,8,14]. Hydro-
nephrosis may be significant and require close follow up
in patients with intrarenal pelvis even if the APDRP is small
[2,6,8]. The occurrence of caliceal dilatation with regard to
the measurement (degree) of APDRP differs from patient to
patient (renal pelvic compliance decreases as the child
grows), particularly in those with intrarenal pelvis. In clin-
ical practice, a grading system that overcomes such
problems is needed for determining the degree of
hydronephrosis more accurately and accordingly safe fol-
low up and prompt management. Our AGS excludes all
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disadvantages in the currently available grading systems
and has been used in our clinical practice in recent years.
Primary UPJ-type hydronephrosis patients can be followed
and treated easily and safely. Regardless of the APDRP,
our important points in determining the severity of hydro-
nephrosis are presence of caliceal dilatation and degree
of renal parenchymal loss.

Recommendations for the exact length of non-operative
or postoperative follow up still need to be defined
[2,6,7,14,16,18,22e24]. We confirm that there exists a crit-
ical period for children with hydronephrosis, the first
3 years of life, when obstruction is most likely to become
evident, as all but two of our patients required surgery be-
fore the age of 3 years. This result reinforces the caveat to
pediatric urologists that they must be vigilant in ensuring
careful follow up during this time to prevent obstruction
from existing unrecognized for too long and thereby causing
irreversible renal damage. Our recommendations for follow
up and treatment of primary UPJ-type hydronephrosis
according to Onen’s AGS are summarized in Table 3. Our
data indicate that the risk of developing permanent loss
of renal function is negligible when this type of schedule
is followed.

Conclusions

Neither an SFU grading system nor the measurement of
APDRP is the gold standard in determining the severity of
hydronephrosis; they both may fail to determine accurately
the severity of hydronephrosis in some cases, particularly in
those patients with intrarenal pelvis configuration or SFU-4
hydronephrosis. Our AGS seems to be a more appropriate
grading of choice; it promises an easier and more appro-
priate follow up and timely treatment for children with
primary UPJ-type hydronephrosis.
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[8] Önen A. The natural history and therapeutic approach of
antenatally diagnosed primary UPJ-type hydronephrosis.
Turk J Pediatr Surg 2006;20:33e8.

[9] Tapia J, Gonzalez R. Pyeloplasty improves renal function and
somatic growth in children with ureteropelvic junction ob-
struction. J Urol 1995;154:218.

[10] Tripp BM, Homsy YL. Neonatal hydronephrosis-the controversy
and the management. Pediatr Nephrol 1995;9:503.

[11] Fernbach SK, Maizels M, Conway JJ. Ultrasound grading of
hydronephrosis: Introduction to the system used by the
Society for Fetal Urology. Pediatr Radiol 1993;23:478.

[12] Josephson S, Dhillon HK, Ransley PG. Postnatal management
of antenatally detected bilateral hydronephrosis. Urol Int
1993;51:79.

[13] Onen A. Neonatal hydronephrosis. In: Onen A, editor. Pedi-
atric surgery and urology. Istanbul: Nobel Tip Kitapevi; 2006.
p. 345e65.

[14] Koff SA. Neonatal management of unilateral hydronephrosis:
Role for delayed intervention. Urol Clin North Am 1998;25:
181e9.

[15] Chertin B, Rolle U, Farkas A, Puri P. Does delaying pyelo-
plasty affect renal function in children with a prenatal diag-
nosis of pelvi-ureteric junction obstruction? BJU Int 2002;90:
72e5.

[16] Palmer LS, Maizels M, Cartwright PC, et al. Surgery versus
observation for managing obstructive grade 3 to 4 unilateral
hydronephrosis: a report from the Society for Fetal Urology.
J Urol 1998;159:222e8.

[17] Chertin B, Fridmans A, Knizhnik M, Hadas-Halpern I, Hain D,
Farkas A. Does early detection of uerteropelvic junction ob-
struction improve surgical outcome in terms of renal function?
J Urol 1999;162:1037e41.

[18] Chertin B, Pollack A, Koulikov D, Rabinowitz R, Hain D, Hadas-
Halpren I, et al. Conservative treatment of ureteropelvic
junction obstruction in children with antenatal diagnosis of
hydronephrosis: Lessons learned after 16 years of follow up.
Eur Urol 2006;49:734e9.

[19] King LR, Coughlin PW, Bloch EC, et al. The case for immediate
pyeloplasty in the neonate with uretero-pelvic junction
obstruction. J Urol 1984;132:725e8.

[20] Hafez AT, McLorie G, Bagli D, Khoury A. Analysis of trends on
serial ultrasound for high grade neonatal hydronephrosis.
J Urol 2002;168:1518e21.

[21] Peters CA. Lower urinary tract obstruction: clinical and exper-
imental aspects. Br J Urol 1998;81:22e5.

[22] Cornford PA, Rickwood AM. Functional results of pyeloplasty
in patients with antenatally diagnosed pelviureteric obstruc-
tion. Br J Urol 1998;81:152.

[23] O’Reilly PH, Brooman PJ, Mak S, et al. The long-term results of
Anderson-Hynes pyeloplasty. BJU Int 2001;87:287e91.

[24] Psooy K, Pike JG, Leonard MP. Long-term follow up of pediat-
ric dismembered pyeloplasty: how long is long enough. J Urol
2003;169:1809e11.


	An alternative grading system to refine the criteria for severity of hydronephrosis and optimal treatment guidelines in neonates with primary UPJ-type hydronephrosis
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	References


