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Abbreviations
APD anterior-posterior diameter
ICC	 intraclass	correlation	coefficient
CI	 	 confidence	interval
SD  standard deviation

Introduction
Fetal pyelectasis is the most common prenatally diagnosed condi-
tion occurring in 1–5 % of all pregnancies [1–3]. Fetal renal pelvic 
dilatation is commonly observed during prenatal ultrasound exam-
inations, and there is broad agreement that there is a relationship 

between pyelectasis observed prenatally and the possibility for 
postnatal intervention for hydronephrosis. Mild hydronephrosis in 
the second trimester is also a soft marker for trisomy 21 [4]. Vari-
ous	cut-off	values	for	dilatation	of	the	fetal	renal	pelvis	are	being	
described as requiring postnatal investigations [5–10]. Although 
clear	limits	of	delineation	for	hydronephrosis	have	yet	to	be	defined,	
it is generally accepted that the more severe the renal pelvis dila-
tation, the more likely postnatal intervention will be warranted 
[11]. The single most widely used parameter to assess renal pelvis 
dilatation in prenatal diagnosis is the anterior-posterior diameter 
(APD) [12]. Published charts showing the size of the fetal renal pel-
vis during pregnancy are available. The chart published by Chitty 
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ABsTR AcT

Purpose To investigate the variability of the normal-sized  
fetal	renal	pelvis	(	≤	5	mm)	over	time	and	to	analyze	repeatabil-
ity of measurements.
Materials and Methods 98 fetal renal pelvises and 49 fetal 
urinary bladders were analyzed at a gestational age of 17–20 
weeks at St. Olavs Hospital, Trondheim, Norway. The anteri-
or-posterior diameter (APD) of the fetal renal pelvis and two 
diameters of the fetal bladder were measured with an interval 
of at least 30 min. Intra- and interobserver variations and  
variations over time and in association with bladder size were 
investigated.
Results	 The	mean	difference	in	renal	pelvis	size	between	the	
first	and	second	measurements	was	0.09	mm	(95	%	CI,		−	0.09	
to	0.26	mm).	The	variation	over	time	was		≤	1	mm	in	85	%	of	
cases	and	the	renal	pelvis	was		≤	4	mm	in	both	the	first	and	sec-
ond examinations in 92 % of cases. The intraclass correlation 
coefficient	(ICC)	was	0.54	(95	%	CI:	0.31	to	0.69).	We	did	not	
observe any association between variation of bladder size and 
variation of APD. The difference in fetal renal pelvis size 
was		≤	1	mm	in	70	%	of	observations	for	the	first	examiner	and	
58 % for the second examiner. The intraobserver ICCs were 0.71 
(95 % CI: 0.62–0.78) and 0.60 (95 % CI: 0.50–0.70) for the two 
observers respectively. The interobserver dif ference 
was		≤	1	mm	in	72	%	of	cases	and	the	interobserver	ICC	was	0.56	
(95 % CI: 0.34–0.71).
Conclusion The variation of the APD of the fetal renal pelvis 
over time was small in fetuses with the APD in the lower range 
and can mainly be explained by intraobserver variation.
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and Altman suggests linear growth [13] while that of Van Vureen 
et al. showed a curvilinear relationship with a narrower range [14]. 
It is important to establish accuracy in the measurement of this  
parameter	before	any	limits	for	cut-off	values	can	be	set.

It has been reported that the size of the renal pelvis varies con-
siderably over time during routine ultrasound examination. The 
observed variation might be associated with variation in urine pro-
duction	and	urinary	bladder	size	but	is	also	influenced	by	intra-	and	
interobserver variation [15, 16]. The importance of the observed 
variation needs to be investigated. The aim of the study was to in-
vestigate the variability over time of fetal renal pelvises in the lower 
range and to analyze the repeatability of measurements.

Materials and Methods
From October 2014 to May 2015, a prospective observational study 
was conducted at the National Center for Fetal Medicine, St. Olavs 
Hospital in Trondheim, Norway with 51 fetuses with renal pelvises 
in the lower range seen during routine ultrasound scan in the sec-
ond trimester. Fetuses with at least one renal pelvis  > 5 mm were 
not included.

All ultrasound scans were performed by one fetal medicine spe-
cialist and one midwife specialized in fetal ultrasonography. Both are 
experienced ultrasound operators with more than 10 years of expe-
rience. All examinations were done using the same ultrasound  
device, a Voluson E-8, (GE Medical Systems, Zipf, Austria), with a  
3.5–7.5-MHz 3D curved multifrequency transabdominal transducer.

The	first	examiner	measured	the	maximum	APD	of	both	the	
right and left fetal kidneys in no particular order. Immediately af-
terwards, the second examiner measured the APD of both fetal kid-
neys also in no particular order. The second examiner, a midwife, 
then	performed	the	routine	fetal	scan	after	which	the	first	exam-
iner	repeated	all	of	the	measurements	at	least	30	min	from	the	first	
time the APD diameters were measured. Both examiners measured 
the renal pelvises in each fetus only when the spine was positioned 
anteriorly or posteriorly.

The measurements of the maximum APD diameters were per-
formed	using	a	standard	method.	The	fetal	kidneys	were	identified	
in a transverse scan and the greatest APD diameters were searched 
by scrolling in depth. The APD diameter was measured transverse 
to the fetal spine as shown on the left image in ▶Fig. 1. The image 
was zoomed in when the examiner found the placement of calipers 
to	be	difficult.	Three	replicate	measurements	of	the	maximum	APD	
diameters of the fetal kidneys on both sides were taken by the ex-
aminers in each patient with every measurement for each side 
taken from a new image. The measurement results on the ultra-
sound screen were covered by colored opaque paper. The two ex-
aminers were not present during each other’s examination and 
were kept unaware of their own as well as each other’s results until 
after	the	entire	study	was	completed.	The	first	examiner	also	meas-
ured the length and width of the fetal bladder in the frontal plane 
as shown on the right image in ▶Fig. 1 at the end of each of her 
two scanning sessions, which were at least 30 min apart, and the 
mean values were used in the analyses. A 3D acquisition of the fetal 
bladder	was	recorded	in	the	first	session	and	the	volume	was	cal-
culated using the Virtual Organ Computer-aided Analysis (VOCAL) 
technique as illustrated in ▶Fig. 2 [17].

Statistical analyses
Normality plots were used to assess the distribution of obtained 
measurements. Intraobserver repeatability of the measurements 
was	expressed	as	the	difference	between	the	highest	and	lowest	
measurements,	the	intraclass	correlation	coefficient	(ICC)	and	the	
repeatability	coefficient.	The	repeatability	coefficient	defines	the	
range within which two measurements by the same observer will 
fall	for	95	%	of	subjects.	The	differences	between	the	first,	second	
and third measurements were evaluated with three-way analysis 
of variance.

The analyses of interobserver agreement and variation over time 
were performed using the mean of three measurements. If zero 
was	inside	the	95	%	CI	of	the	difference,	no	bias	was	assumed.	To	
assess	systematic	bias,	differences	between	values	were	plotted	
against means of the measurements. Limits of agreement with 95 % 
CIs of the lower and upper limits were calculated as described by 
Bland and Altman [18]. Interobserver agreement and variation over 
time	were	also	expressed	using	the	two-way	random	effects	ICC.	
Associations between the size of the renal pelvis with variation over 
time and bladder size were investigated using linear regression 
analysis	and	Pearson	correlation	coefficient.	Statistical	analyses	
were performed using the statistical software package SPSS statis-
tics version 21.0 (IBM SPSS, Armonk, NY, USA). P-values  < 0.05 were 
considered	significant.

Results
Two of 51 cases were excluded because of fetal anomalies. The 
study population comprised 49 fetuses with a total of 98 fetal kid-
neys and 49 fetal urinary bladders. Each kidney is regarded as a sin-
gle case. The mean APD was 2.6 mm for the right kidney and 
2.5 mm for the left (p = 0.6). The median maternal age was 31 years 
(range 22 to 42), 42 % were nulliparous women and the median 
gestational age was 18 weeks (range 17 to 20 weeks). The intraob-
server repeatability of measurements of the fetal renal pelvis for 
the two examiners is presented in ▶Table 1. The mean values for 
the	first,	second	and	third	measurements	were	2.5,	2.6	and	2.6	mm	
for	the	first	examiner	vs.	2.5,	2.4	and	2.6	mm	for	the	second	exam-
iner.	Three-way	analysis	of	variance	revealed	no	systematic	differ-
ences	between	the	first,	second	or	third	measurements	for	both	
examiners	(p	=	0.37	vs.	p	=	0.33)	and	the	largest	differences	did	not	
vary in any systematic way over the range of values measured for 
any	of	the	examiners.	The	largest	difference	was		≤	1	mm	in	70	%	of	
observations	for	the	first	examiner	and	58	%	for	the	second.	The	ICC	
was 0.71 (95 % CI: 0.62 to 0.78) and 0.60 (95 % CI: 0.50 to 0.70) for 
the two observers respectively.

The interobserver agreement between the two examiners in 
measuring the fetal renal pelvis is presented in ▶Table 2. The var-
iation was  > 2 mm in five cases (▶Fig. 3) and the difference 
was		≤	1	mm	in	72	%	of	cases.	The	mean	difference	was	0.11	mm	
(95	%	CI:		−	0.09	to	0.31	mm).	Zero	was	included	within	the	CI	inter-
val	indicating	no	systematic	bias.	The	mean	difference	showed	nor-
mal distribution. The limits of agreement with 95 % CI are present-
ed in ▶Table 2 and illustrated in ▶Fig. 3. There was a tendency for 
higher variation at increasing values. The ICC was 0.56 (95 % CI: 
0.34–0.71). Both examiners measured the fetal renal pelvis 
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as		≤	4	mm	in	91/98	(93	%)	of	the	cases	and	they	agreed	in	86/98	
(88	%)	of	the	cases	using	this	cut-off	level.

The variation over time in measuring the fetal renal pelvis is  
presented in ▶Table 2. The variation was  > 2 mm in three cases 
(▶Fig. 4)	and	the	difference	was		≤	1	mm	in	85	%	of	cases.	The	mean	
difference	was	0.09	mm	and	zero	was	included	in	the	CI	interval	
(95	%	CI:		−	0.09	to	0.26	mm).	The	mean	difference	showed	normal	
distribution. There was no systematic variation over the range of 

measured values, and the limits of agreement with 95 % CI are pre-
sented in ▶Table 2 and illustrated in ▶Fig. 4. The ICC was 0.54 (95 % 
CI	0.31to	0.69).	The	fetal	renal	pelvis	was		≤	4	mm	in	both	the	first	
and	second	examination	in	90/98	(92	%)	of	the	cases.	We	did	not	
find	any	significant	difference	in	the	size	of	the	fetal	renal	pelvis	re-
lated to sex. The mean APD in boys was 2.5 mm vs. 2.6 mm in girls 
(p = 0.67).

▶Fig. 1 Measurements of the anterior-posterior diameter of the fetal renal pelvises (left image) and two diameters of the bladder in the frontal 
plane (right image).

290 mm3

▶Fig. 2 Illustration of Virtual Organ Computer-aided Analysis (VOCAL). The volume was calculated from 12 sections of the bladder rotated as 
illustrated on the orange fruit.

▶Table 1  Intraobserver repeatability of anterior-posterior diameter of fetal renal pelvis.

Difference between highest and lowest values

Measurement Mean Median Range Icc (95 % cI) Repeatability 
coefficient

Mean Median 10th 
percentile

90th 
percentile

Range

Examiner 1 2.6 2.5 1.3–5.8 0.71 (0.62–0.78) 	+	/	−	1.33 0.85 0.70 0.30 1.60 0.1 to 3.2

Examiner 2 2.5 2.2 0.8–4.9 0.60 (0.50–0.70) 	+	/	−	1.80 1.10 0.95 0.30 1.91 0 to 3.9

Mean,	median	and	range	of	measurements	are	calculated	from	the	mean	of	three	measurements.	ICC:	intraclass	correlation	coefficient
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The median bladder length was 9.2 mm, mean 8.9 mm (range 
1–16 mm) and the median bladder width was 5.2 mm, mean 
5.2	mm	(range	1–9	mm).	We	did	not	observe	any	significant	asso-
ciations between the variation of bladder size (mean of the two di-
ameters) and the variation of the size of the renal pelvises 
(r	=		−	0.08,	p	=	0.57)	over	time.	The	bladder	volume	was	successful-
ly	calculated	using	the	VOCAL	technique	in	the	first	examination	in	
34 fetuses, and the median volume was 0.14 ml (range 0.02–
0.41 ml). The bladder volume was not associated with APD 
(r	=		−	0.16;	p	=	0.36).	The	bladder	size	was	normal	in	the	three	cases	
with variation of renal pelvis size  > 2 mm between the two meas-
urements; mean diameter 10.0 (volume calculation missing), 
8.9 mm (volume 0.12 ml) and 3.9 mm (volume 0.03 ml), respec-
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▶Fig. 3 Bland-Altman plot of interobserver agreement of sono-
graphically measured anterior-posterior diameter of fetal renal 
pelvis.	Mean	difference	(____) and 95 % limits of agreement (- - - - ) 
are shown.
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tively.	The	bladder	size	was	also	normal	in	the	five	cases	with	vari-
ation  > 2 mm between examiners. All fetuses including those with 
variation over time and interobserver variation  > 2 mm had uncom-
plicated follow-up in the perinatal period.

Discussion
The	main	finding	in	our	study	was	slight	variation	in	the	size	of	the	
fetal renal pelvis over time, but the size of the fetal renal pelvis 
was		≤	4	mm	in	both	examinations	in	92	%	of	cases	and	the	variation	
was  > 2 mm in only three cases. The observed variation was not as-
sociated with the variation in bladder size and can mainly be ex-
plained	by	intraobserver	variation.	We	think	that	repeated	meas-
urements over time are not necessary in fetuses with a renal pelvis 
in the lower range.

The APD of the fetal renal pelvis measured by ultrasound is the 
most commonly utilized measurement for the evaluation and mon-
itoring of possible upper urinary tract obstruction. The threshold 
values which can be reliably used to identify cases which merit fol-
low-up examination prenatally because of the likelihood of devel-
oping hydronephrosis are still being discussed. The second trimes-
ter scan is recommended in pregnancy week 17–20 in Norway, 
whereas other countries routinely perform a later second trimester 
scan. The size of fetal renal pelvis is probably smaller early as com-
pared to later in the second trimester, but the same threshold of 
four	to	five	mm	is	recommended	in	both	periods	(3,	7).	Corteville	
et	al.	proposed	a	minimum	cut-off	of	four	millimeters	before	33	
weeks of gestation and seven millimeters afterwards to identify 
those needing postnatal follow-up [7]. In a later study, Sairam et 
al.	concluded	that	an	APD	of	the	fetal	renal	pelvis		≥	7	mm	signifies	
moderate to severe hydronephrosis and anything less than this is 
mild and invariably has a good prognosis [3]. On the other hand, 
Duin et al. concluded in a study involving 764 fetuses with hydro-
nephrosis	that	a	cut-off	APD	of	the	fetal	renal	pelvis		≥	5	mm	in	the	
second and/or third trimester of pregnancy enables better detec-
tion of patients with uropathies and indication for surgery [19]. 
One major aim of the second trimester routine scan is to identify 
the fetuses that might need postnatal evaluation and intervention 
in order to avoid complications. On the other hand, it is also impor-
tant not to include too many false-positive cases entailing avoida-
ble anxiety and unnecessary follow-up scans later in pregnancy.

A reliable method for measuring the size of the fetal renal pelvis 
is important. Pereira et al. performed repeatability analyses in fe-
tuses with mild hydronephrosis and found that inter- and intraob-
server APD measurement errors were low [20]. The Bland Altman 
plot of interobserver variation in their study was similar to the var-
iation observed in our study (▶Fig. 3).	We	found	a	stable	variation	
over	the	range	of	values	and	the	difference	between	the	two	exam-
iners		≤	1	mm	in	72	%	of	measurements.	The	intraobserver	and	in-
terobserver ICCs showed only moderate to low repeatability. It is 
difficult	to	measure	small	structures	exactly	and	a	difference	from	
2	to	2.5	mm	represents	a	25	%	variation.	We,	therefore	think	that	
the low ICCs have little clinical importance.

Persutte et al. examined 20 fetuses with mild pyelectasis 
(APD		≥	4	mm	and		<	10	mm)	and	found	a	substantial	variation	of	the	
size of the renal pelvis leading them to question whether one meas-

urement during a routine second trimester scan is enough. They 
also found that increasing dilatation was positively associated with 
increasing bladder dilatation in eight fetuses [15] and that this as-
sociation	might	be	explained	by	reflux.	In	another	study	by	Robin-
son et al. investigating 13 fetuses with pyelectasis, there was no 
significant	change	in	the	APD	of	the	fetal	renal	pelvis	with	a	full	or	
empty	bladder,	but	they	found	a	significant	increase	in	the	size	of	
the	fetal	renal	APD	after	maternal	hydration	[21].	We	observed	a	
low variation in the size of the renal pelvis over time as illustrated 
in ▶Fig. 4.	The	variation	was		≤	1	mm	in	85	%	of	cases.	We	did	not	
observe	any	association	between	renal	pelvis	size	and	bladder	fill-
ing among fetuses with a renal pelvis in the lower range ( < 5 mm) 
with	a	low	probability	of	reflux.

The strengths of the study are the performance of all examina-
tions by experienced operators who were not aware of each other’s 
measurements and the avoidance of bias due to repeated measure-
ments by covering the ultrasound screen with opaque tape.

The limitations are related to the small study population, al-
though the size of the study population is in accordance with other 
repeatability studies [20, 22]. Limits of agreement are calculated 
as		+	/	−		2	standard	deviations	of	the	mean	difference	between	ob-
servers or observations, and only their CI intervals are related to 
the	number	of	inclusions.	We	included	only	fetuses	with	renal	pel-
vises in the lower range. The clinical importance might be more 
significant	in	fetuses	with	pyelectasis.	However,	fetuses	with	pye-
lectasis and mild hydronephrosis are investigated in other studies. 
The lack of information on maternal hydration status is a limitation 
of the study. The echogenicity of the renal parenchyma was not 
described when deemed normal and the thickness of the bladder 
wall was not measured. Since it was not the aim of this study to 
compare fetal measurements with measurements in the newborn, 
the size of the renal pelvis after delivery was not measured.

We	conclude	that	variation	of	the	APD	of	the	fetal	renal	pelvis	
over time is small in fetuses with an APD size in the lower range.
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