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Introduction

Antenatal hydronephrosis is defined as abnormal renal pelvis 
dilatation with or without changes in the renal parenchyma, 
and its prevalence is approximately 1–4% of all pregnan-
cies [1]. As the severity of hydronephrosis measured using 
ultrasonography became known as an important prognostic 
factor [2], the Society for Fetal Urology (SFU) grading system 
was introduced by the SFU in 1993 [3]. Since then, this sys-
tem has been most commonly used to determine the sever-
ity of fetal and pediatric hydronephrosis. Some studies have 
shown that the hydronephrosis severity according to the SFU 
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Objective
To evaluate the reliability of the Society for Fetal Urology (SFU) and Onen grading systems for fetal hydronephrosis in 
prenatal ultrasound according to the level of experience of the examiner.

Methods
We reviewed the prenatal ultrasound images of 146 fetuses (292 kidneys) that were diagnosed as having 
hydronephrosis between January 2005 and December 2014. One expert and two trainees assessed the prenatal 
renal ultrasound images using the SFU and Onen grading systems. The three examiners independently assessed 
each ultrasound image with both grading systems and reassessed the same images after 7 to 14 days. Cohen’s kappa 
statistic was used to estimate intra- and inter-observer reliability in prenatal ultrasound images according to training 
level.

Results
The intra-observer reliability of the SFU grading system (κ 0.873–0.945) showed almost perfect agreement and that of 
the Onen grading system (κ 0.749–0.913) showed substantial to almost perfect agreement. The overall inter-observer 
reliability of the SFU grading system (κ 0.620–0.825) showed substantial to almost perfect agreement and that of the 
Onen grading system (κ 0.618–0.724) showed substantial agreement. The weighted kappa value of inter-observer 
agreement was 0.223 to 0.400 for SFU grade 1 and 0.064 to 0.346 for SFU grade 3. For Onen grading, the inter-
observer agreement was 0.012 to 0.214 for grade 2 and 0.193 to 0.334 for grade 3.

Conclusion
Both the SFU and Onen grading systems showed good intra-observer agreement in prenatal ultrasonography. The 
inter-observer agreement was decreased in SFU grades 1 and 3 and Onen grades 2 and 3. Therefore, more focus 
should be given to SFU grades 1 and 3 and Onen grades 2 and 3 for trainees.
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grading system and perinatal outcomes are correlated [4,5]. 
Hydronephrosis with low SFU grades usually resolve sponta-
neously and show good prognosis; however, hydronephrosis 
with high SFU grades show various features, making progno-
sis difficult to predict [6]. Furthermore, the SFU grading sys-
tem differentiates the degree of hydronephrosis according to 
renal pelvic dilatation, calyceal dilatation, and the presence 
of cortical thinning, which makes the grading system rather 
subjective, as follows: grade 0 = no hydronephrosis, grade 
1 = only visualized renal pelvis, grade 2 = dilatation of a few 
but not all calyces, grade 3 = dilatation of virtually all calyces, 
and grade 4 = calyceal dilatation and parenchymal thinning.

There is no single powerful ultrasound parameter for pre-
dicting postnatal renal function [7]; however, follow-up serial 
ultrasound examinations are appropriate to easily detect the 
progression of hydronephrosis.

In neonates, Onen proposed a new grading system in 2006 
by modifying the SFU grading system to show the severity 
better and to make follow-up more practical [8]. The Onen 
grading system combined SFU grades 1 and 2 into Onen 
grade 1, and divided SFU grade 4 according to the degree of 
renal parenchymal loss (less than 50%, Onen grade 3; more 
than 50%, Onen grade 4). There are important differences 
between the two grading systems; however, there is only lit-
tle information about the reliability of these grading systems 
for prenatal ultrasound. Moreover, both grading systems are 
subjective and can be influenced by the expertise of the ex-
aminer, and they have been little investigated.

Therefore, we conducted this study to evaluate the intra-
observer and inter-observer agreement of the SFU and Onen 
grading systems, and to investigate the agreement of prena-
tal hydronephrosis diagnosis between the two grading sys-
tems according to the level of experience of the examiner.

Materials and methods

The study population consisted of 292 kidneys in 146 fetuses 
with hydronephrosis diagnosed between March 2005 and 
December 2013. The institutional review board in Yonsei Uni-
versity Health System approved the study protocol (IRB No. 
4-2015-1167). This study included pregnant women who 
underwent prenatal ultrasonography and their neonates who 
underwent postnatal ultrasonography for evaluating the kid-
neys. Cases complicated with cystic renal disease, single kid-

ney, duplicated collecting system, or horseshoe kidney were 
excluded from the study. All pregnant women underwent 
ultrasonography for the assessment of fetal hydronephrosis 
in the prenatal period, and all neonates underwent abdomi-
nal ultrasonography to evaluate the grade of hydronephrosis 
after birth. The prenatal ultrasound images were randomly 
selected including one axial view and one sagittal view, and 
all images were collected into a file for review. All personal 
information was eliminated to protect patient confidentiality, 
and the examiners were blinded to the ultrasound examina-
tion reports. One expert (H.Y.C.) with 10 years of experience 
in prenatal ultrasound and two trainees (M.H.C. and J.H.C.) 
with less than 1 year of experience participated in the as-
sessments. Before reviewing the images, all examiners were 
provided with written instruction material about the SFU and 
Onen grading systems (Fig. 1). The three examiners indepen-
dently assessed each ultrasound image with both grading 
systems and performed reassessment of the same images 
after 7 to 14 days.

The intra- and inter-observer agreements of the three ex-
aminers about the prenatal ultrasound images were evaluat-
ed using non-weighted Cohen’s kappa and weighted kappa 
statistics. A kappa value of 0.81 to 0.99 was considered an 
almost perfect agreement; 0.61 to 0.80, substantial agree-
ment; 0.41 to 0.60, moderate agreement; 0.21 to 0.40, fair 
agreement; 0.01 to 0.20, slight agreement; and below 0, 
poor or less than chance agreement [9].

Fig. 1. Ultrasound images evaluated using the SFU grading sys-
tem and the Onen grading system. SFU, Society for Fetal Urology.
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Results

The baseline clinical characteristics of the 292 kidneys in 
the study population are shown in Table 1. The gestational 
age at ultrasound was 31.5 gestational weeks (28.0–35.5 
weeks), and the amniotic fluid index at measurement was 
normal (15.5±4.8). At the time of measurement, the median 
renal pelvis anteroposterior diameter was 1.6 cm (1.1–8.4 
cm). According to grading and examiners, we presented the 
distribution of the number of kidneys to the SFU and Onen 
grades for each assessment (Table 2). Examiners including A, 
B, and C reviewed the prenatal ultrasound images.

The intra-observer agreements of hydronephrosis for the 
SFU grading system among the three examiners were in 

the range of 0.734 to 0.880 and 0.873 to 0.945 for Co-
hen’s kappa and weighted kappa, respectively (Table 3). The 
weighted kappa statistics showed almost perfect agreement 
for the three examiners. The Cohen’s kappa values of the 
Onen grading system were 0.496 to 0.847, and showed 
moderate to almost perfect agreement. Weighted kappa 
statistics also showed substantial to almost perfect agree-
ment (0.749–0.913) in the Onen grading system. Cohen’s 
kappa values were calculated to investigate the difference in 
the SFU and Onen grading systems, and examiner A showed 
a statistically significant intra-observer agreement (−0.238, 
95% confidence interval −0.368 to −0.110).

The inter-observer agreements among the three examiners 
in both grading systems were evaluated (Table 4). The com-
parison of expert B and trainee A for SFU grading showed 
a weighted kappa value of 0.825, an almost perfect agree-
ment. For Onen grading, the weighted kappa value was 
0.724, meaning a substantial agreement. For the comparison 
of expert B and trainee C, both grading systems showed sub-
stantial agreement for weighted kappa value (SFU, κ 0.620; 
Onen, κ 0.618).

However, the inter-observer agreement of trainees and ex-
pert was decreased in SFU grades 1 and 3 and Onen grades 

Table 2. Distribution of the kidneys according to grading and examiners with the Society for Fetal Urology and Onen grading systems

Examiners Grading system

Kidneys (n=292)

First assessment Second assessment

1 2 3 4 1 2 3 4

A SFU 115 47 27 103 124 46 32 90

Onen 152 32 50 58 164 41 61 26

B SFU 112 47 35 98 111 49 26 106

Onen 157 36 49 50 156 30 46 60

C SFU 123 67 47 55 118 73 35 66

Onen 188 37 35 32 190 27 39 36

SFU, Society for Fetal Urology.

Table 3. Intra-observer agreement of hydronephrosis of prenatal ultrasound with the SFU and Onen grading system

Examiners
SFU Onen

Difference between 
SFU and Onen

Cohen’s κ Weighted κ Cohen’s κ Weighted κ Cohen’s κ
A 0.734 (0.658:0.809) 0.873 (0.825:0.920) 0.496 (0.402:0.590) 0.749 (0.699:0.799) −0.238 (−0.368:−0.110)

B 0.880 (0.819:0.941) 0.945 (0.915:0.975) 0.791 (0.715:0.867) 0.895 (0.850:0.938) −0.090 (−0.169:0.016)

C 0.764 (0.719:0.869) 0.891 (0.847:0.935) 0.847 (0.779:0.915) 0.913 (0.872:0.954) 0.054 (−0.014:0.122)

SFU, Society for Fetal Urology.

Table 1. Basic characteristics of the study population

Variables (n=292)
Mean±SD or median 

(min–max)

Real pelvis AP diameter (cm) 1.6 (1.1–8.4)

Gestational age at measurement (wk) 31.5 (28.0–35.5)

Amniotic fluid index at measurement 15.5±4.8

Gestational age at delivery (wk) 38.0 (36.0–40.2)

SD, standard deviation; AP, anteroposterior.
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2 and 3. In each SFU grade, the inter-observer agreement 
was fair and slight to fair for SFU grade 1 (κ 0.223–0.400) 
and grade 3 (κ 0.064–0.346), respectively. For Onen grading, 
the inter-observer agreement was slight to fair and fair for 
Onen grade 2 (κ 0.012–0.214) and grade 3 (κ 0.193–0.334), 
respectively.

Discussion

To our knowledge, this is the first study to investigate the 
inter- and intra-observer reliability of the SFU and Onen grad-
ing systems for fetal hydronephrosis in prenatal ultrasound 
images according to the level of experience of the examiner. 
Our results showed that the intra-observer agreement of 
the SFU grading system showed almost perfect agreement 
and that of the Onen grading system showed substantial to 
almost perfect agreement for the kidneys. The inter-observer 
agreement of the SFU grading system showed substantial 
to almost perfect agreement and the Onen grading system 
showed substantial agreement among the three examiners.

In 2008, the reliability of the SFU grading system was inves-
tigated. The inter-rater reliability showed fair to substantial 
agreement and the intra-rater reliability showed substantial 
to almost perfect agreement for staff and trainees. More-
over, Kim et al. [10] compared the reliability of the SFU and 
Onen grading systems for pediatric hydronephrosis diag-
nosed using ultrasonography. The inter-rater agreement was 
substantial and the intra-rater agreement was substantial to 
almost perfect in the SFU and Onen grading systems. Both 
the SFU and Onen grading systems showed good intra- and 
inter-observer agreements in the diagnosis and follow-up of 
pediatric hydronephrosis.

SFU grading is mainly used for the diagnosis of hydro-
nephrosis in prenatal ultrasonography; however, there has 
been no study about its reliability. Our study demonstrated 
that the intra-observer agreement for the diagnosis of hy-
dronephrosis in prenatal ultrasound showed almost perfect 
agreement in the SFU grading system and substantial to 
almost perfect agreement in the Onen grading system. The 
inter-observer agreement of expert B and trainee A showed 
almost perfect agreement for SFU grading and substantial 
agreement for Onen grading. For the comparison of expert 
B and trainee C, the SFU and Onen grading systems both 
showed substantial agreement. Our results demonstrated 
that the inter-observer agreement of the SFU grading system 
was significantly higher than that of the Onen grading sys-
tem. Further, the inter-observer agreement for SFU grades 1 
and 3 and Onen grades 2 and 3 were lower than for other 
grades. The reasons for these results are as follows. First, as 
SFU grading is mainly used in prenatal ultrasonography, the 
examiners may be more familiar with this system. Second, 
grades 2 and 3 in the Onen grading system may be difficult 
to distinguish between cases with dilatation of all calyces 
and half or less parenchymal loss. In 2013, Kim et al. [10] 
reported the reliability of the SFU and Onen grading systems 
for pediatric patients with hydronephrosis. This study showed 
good intra- and inter-observer agreement but relatively lower 
inter-observer agreement in SFU grades 1 and 2 and Onen 
grades 2 and 3. This result indicates that beginners may have 
difficulty in discriminating between renal pelvis dilatation 
only (SFU grade 1) and visualized renal pelvis with dilatation 
of a few calyces (SFU grade 2). However, our results showed 
lower inter-observer agreement in SFU grades 1 and 3. The 
reason for this discrepancy is unclear, although it could be 
because our study focused on prenatal ultrasound results 

Table 4. Inter-observer agreement of each reviewer with the Society for Fetal Urology and Onen grading systems

Grading system
Examiner: A vs. B Examiner: C vs. B

SFU Onen SFU Onen

1 0.400 (0.234:0.556) 0.449 (0.287:0.612) 0.223 (0.060:0.385) 0.430 (0.268:0.592)

2 0.486 (0.324:0.648) 0.214 (0.051:0.376) 0.346 (0.184:0.509) 0.012 (−0.150:0.175)

3 0.346 (0.184:0.508) 0.334 (0.172:0.497) 0.064 (−0.099:0.226) 0.193 (0.031:0.355)

4 0.823 (0.661:0.986) 0.604 (0.442:0.767) 0.513 (0.351:0.675) 0.523 (0.361:0.686)

Cohen’s κ 0.644 (0.556:0.732) 0.514 (0.419:0.610) 0.418 (0.323:0.513) 0.419 (0.290:0.483)

Weighted κ 0.825 (0.772:0.878) 0.724 (0.656:0.792) 0.620 (0.533:0.706) 0.618 (0.532:0.704)

SFU, Society for Fetal Urology.
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and the previous study investigated postnatal ultrasound im-
ages.

In practice, prenatal ultrasound grading of fetal hydrone-
phrosis could affect the antenatal consultation about prog-
nosis and could provide important information for the evalu-
ation and management in the postnatal period. Therefore, 
accurate prenatal grading of fetal hydronephrosis is crucial, 
and this study might contribute to determining the grade of 
hydronephrosis. Further, as our study specifically addressed 
the difficulties that trainees experience in diagnosing the 
grade of hydronephrosis in prenatal ultrasound, effective 
training could be implemented based on the results of this 
study.

This study has some limitations. First, a randomized clini-
cal trial is ideal but this was a retrospective study; therefore, 
there might have been selection bias in patients and exam-
iner bias. Second, as we investigated reliability among only 
three examiners, the results of this study could be limited. 
Reliability needs to be evaluated with more examiners hav-
ing diverse levels of experience. Third, we did not investigate 
which grading system is more correlated with the prognosis 
of neonatal hydronephrosis. At our institution, SFU grad-
ing is mainly used in prenatal ultrasound and Onen grading 
in postnatal ultrasound. Onen [11] reported that the Onen 
grading system has advantages for the follow-up of hydrone-
phrosis and for determining the timing of surgical interven-
tion in neonates; however, the Onen grading system has not 
been evaluated for hydronephrosis diagnosed using prenatal 
ultrasonography.

We conclude that both the SFU and Onen grading systems 
showed good intra-observer agreement in hydronephrosis 
evaluation. The inter-observer agreement was lower in SFU 
grades 1 and 3 and Onen grades 2 and 3, and more focus 
should be given to SFU grades 1 and 3 and Onen grades 2 
and 3 for trainees. Further studies are necessary to determine 
which grading system is more relevant to the postnatal prog-
nosis of fetal hydronephrosis.
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