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Background: Sonographic assessment of the fetal kidneys is 
an integral part of the prenatal anatomical survey. 
Objectives: To evaluate the fetal renal to abdominal (RTA) 
ratio throughout pregnancy and to investigate whether this 
ratio can be a potential diagnostic landmark for congenital 
anomalies of the kidney and urinary tract (CAKUT). 
Methods: Measurements of the anterior-posterior diameters 
of the fetal kidney and fetal abdomen (APAD) were obtained 
prospectively. The RTA was calculated as the ratio between 
them in in two groups: normal population vs. CAKUT cases. RTA 
in CAKUT cases was compared to RTA in a normal population. 
Results: The study group was comprised of 210 women. The 
mean gestational age for the fetuses was 31 ± 5.6 weeks (range 
14–40 weeks). Fetal RTA ratio was found to be 0.28 ± 0.03 
throughout pregnancy from early second trimester to term, with 
high reproducibility of measurements. During the study period 
the RTA was evaluated in nine cases referred for suspected 
CAKUT. All cases demonstrated a different ratio according to 
the renal anomaly. High ratio was observed in one case of 
overgrowth syndrome (Beckwith Wiedenmann syndrome; 0.47), 
three cases of infantile polycystic kidney (0.45–0.47), and 
three cases of a solitary kidney (0.31–0.35), while cases of 
dysplastic kidneys revealed a low ratio (0.14–0.18).
Conclusions: Prenatal RTA is constant throughout gestation. An 
abnormal ratio should lead to meticulous renal investigation 
to rule out kidney disease.
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ABSTRACT:

KEY WORDS:

C ongenital anomalies of the kidney and urinary tract 
(CAKUT) constitute approximately 20–30% of all anoma-

lies diagnosed during prenatal surveys [1-3]. 
Prenatal diagnosis of CAKUT enables a multidisciplinary 

team to rule out associated anatomical anomalies, sequences, 
and genetic syndromes and to offer a better treatment plan for 
the future parents. 

Fetal renal assessment is based on evaluating the location, 
size, parenchyma, and collecting system [4,5]. 

Size is especially important since small sized kidneys may 
be the first indicator of renal hypoplasia or dysplasia; both 
carrying a risk for reduced renal function and hypertension 
at later stages of life because of low nephron endowment in 
fetal life [6-9]. However, large sized kidneys may be related not 
only to overgrowth syndromes such as Beckwith–Wiedemann 
syndrome (BWS) but also to inherited ciliopathies in which 
progressive renal injury and deterioration in renal function are 
inevitable. 

Fetal renal nomograms assess three parameters (longitudi-
nal, anterior-posterior, and transverse renal lengths) through-
out gestation and are currently the main customary tool for 
biometric reference for prenatal renal assessment [10-13]. In 
two studies published in 1980 and 1994, the ratio of the cir-
cumference of the fetal kidney to the circumference of the fetal 
abdomenal circumference was evaluated [14,15]; however, this 
procedure did not become part of routine renal assessment.

The aim of the present study was to assess the ratio of the 
anterior posterior diameters of the kidney and the abdomen 
during pregnancy and to investigate whether this simple ratio 
can serve as a diagnostic landmark for screening CAKUT and 
putative inherited renal disease.

PATIENTS AND METHODS
A prospective study was conducted in the prenatal diagnostic 
unit at the Sheba Medical Center over a period of 8 months. 
The study was approved by the clinical ethics committee, and 
informed consent was received from all patients. 

POPULATION

Inclusion criteria for renal to abdominal ratio (RTA) assessment 
in the normal population included a normal obstetric course, 
absence of maternal disease, a singleton pregnancy, good dat-
ing (last menstruation confirmed by first trimester ultrasound 
examination), estimated fetal weight (EFW) within the 10th to 
90th percentile, and a normal sonographic anatomical scan. 
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RTA in pathological cases was measured in cases referred for 
suspected renal anomaly. The measurement was not assessed in 
cases associated with hydronephrosis. All patients in whom a 
CAKUT anomaly was observed were referred to a specialist in 
pediatric nephrology and a geneticist, and they were followed 
throughout pregnancy. 

MEASUREMENTS

All scans were performed using a Voluson E8 (GE Medical sys-
tems, Kretz Ultrasound, Zipf, Austria) with a trans-abdominal 
transducer of 4-8 MHz or a 5-9 MHz trans-vaginal probe.

Sonographic examinations were performed during routine 
sonographic follow-up from 14 to 40 weeks of gestation. 

RTA was calculated as a ratio of the anterior-posterior diam-
eters of the fetal kidney and of the abdomen (APAD) measured 
in an axial view, at the level of the kidneys and pelvis [Figure 1]. 

RTA in CAKUT cases was compared to the data from RTA 
measurements in the normal population. 

To evaluate reproducibility of measurements, an arbitrary 
sample of 30 fetuses was evaluated twice by the first operator 
and then by a second operator blinded to the measurements 
obtained by the first operator.

STATISTICAL ANALYSIS

Data were collected using Microsoft Excel 2010 software 
(Microsoft Corp, Richmond, CA). Statistical analyses were per-
formed using IBM Statistical Package for the Social Sciences sta-
tistics software, version 23 (SPSS, IBM Corp, Armonk, NY, USA).

Gestational age and RTA are described as mean ± standard 
deviation.

Estimates of intra-class correlation coefficient (ICC) were 
used to explore inter- and intra-agreement between the two 
operators. Agreement was considered slight when ICC ≤ 0.2, 
fair when 0.2 < ICC ≤ 0.4, moderate when 0.4 < ICC ≤ 0.6, 
substantial when 0.6 < ICC ≤ 0.8, and almost perfect when ICC 
> 0.8. For assessing agreement between the two measurements, 
we used a Bland-Altman plot. Paired and unpaired Student’s t 
tests were used to evaluate the difference between two measure-
ments of one examiner and between the means of two examin-
ers, respectively.

RESULTS
NORMATIVE DATA

The study was comprised of 210 women. The mean fetal ges-
tational age was 31 ± 5.6 weeks (range 14–40 weeks). 

The RTA ratio was constant at 0.28 ± 0.03 throughout 
gestation [Figure 2]. 

Nine cases were examined for suspected CAKUT. All 
CAKUT cases demonstrated a different RTA according to the 
renal anomaly. A high ratio was observed in one case of BWS 
(0.47), three cases of infantile polycystic kidney (0.45–0.47), 
[Figure 3] and three cases of solitary kidney (0.31–0.35). Two 
cases of dysplastic kidneys revealed a low ratio (0.14–0.18).

REPRODUCIBILITY OF MEASUREMENTS

Intra-observer variability 
The mean difference between two measurements by a single 
observer was 0.0042 (95% confidence interval [95%CI] 

Figure 1. Normal renal to abdominal ratio of 0.28 at 25 weeks of 
gestation 

Figure 2. Distribution of RTA ratio as a function of gestational age demonstrating a 
constant ratio of 0.28
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Figure 3. [A] A case of autosomal recessive polycystic kidneys at 27 weeks of gestation 
demonstrating a RTA ratio of 0.45, [B] A case of dysplastic kidneys at 34 weeks of 
gestation demonstrating a RTA ratio of 0.14 
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anomalies. The measurement was found to be precise and 
easy to perform with good reproducibility. A constant ratio 
throughout gestation makes it a practical tool in cases in which 
an abnormal renal parenchymal volume is suspected. 

An abnormal RTA should lead to further sonographic renal 
assessments and to a multidisciplinary investigation and counseling 
by a pediatric nephrologist and a geneticist. Fetal renal assessment is 
based on evaluating the location, size, parenchyma, and collecting 
system. Fetal renal nomograms throughout gestation were published 
for three dimensions: length, anterior posterior, and transverse [10-
13]. Two previous reports measured the ratio between abdominal 
and renal circumferences [14,15]; however, this ratio did not become 
a customary part of the fetal renal and urinary tract anatomical 
survey. It is possible that measuring the kidney circumference and 
abdominal circumference in different planes is less precise and more 
time consuming than measuring the AP diameter of the kidney and 
abdomen in the same plane in one snapshot evaluation.

Patients with unilateral multi cystic kidney dysplasia (MCKD) 
or unilateral renal agenesis have a congenital solitary functioning 
kidney that is compensatory enlarged [16]. The question whether 
this enlargement is due to increased nephron numbers and/or 
nephron hypertrophy is unresolved. This question is of clinical 
importance since hypertrophy is associated with a risk of devel-
oping hypertension and proteinuria later in life with consequent 
development of chronic renal disease and cardiovascular disease. 
In case of unilateral renal agenesis or MCKD, contra-lateral com-
pensatory kidney enlargement is considered a good prognostic 
sign as increased nephrogenesis has been shown to occur in the 
solitary kidney [17]. A large RTA may reassure that the compen-
satory nephrogenic mechanisms are intact. 

A small RTA measurement could possibility indicate dys-
plastic kidneys and should be followed by detailed renal assess-
ment and close surveillances throughout pregnancy to rule out 
renal hypoplasia. 

CONCLUSIONS

RTA is a practical and reproducible measurement that has been 
found to be constant from the second trimester throughout 
pregnancy and may be used as a supplementary tool for fetal 
kidney sonographic evaluation.

Larger studies should assess the ratio in large population 
CAKUT cases and inherited renal anomalies.
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Figure 4. [A] Intra-observer variability, [B] Inter-observer variability 

D
iff

er
en

ce
 b

et
w

ee
n 

tw
o 

m
ea

su
re

m
en

ts
Ab

so
lu

te
 d

iff
er

en
ce

 b
et

w
ee

n 
tw

o 
ex

am
in

er
s

Mean of two measurements

Mean of two measurements

0.0700

0.0500

0.0300

0.0100

-0.0100

-0.0300

-0.0500

0.1300

0.0800

0.0300

-0.0200

-0.0700

0.2000

0.2000

0.2500

0.2500

0.3000

0.3000

0.3500

0.3500

0.4000

0.4000

0.4500

0.4500

0.5000

0.5000

B

A



ORIGINAL ARTICLES

154 

20 2018

the fetal kidney-an in utero sonographic evaluation between 13 and 22 weeks’ 
gestation. Prenat Diagn 2002; 22 (11): 962-5. 

11. Shin JS, Seo YS, Kim JH, Park KH. Nomogram of fetal renal growth expressed 
in length and parenchymal area derived from ultrasound images. J Urol 2007; 
178 (5): 2150-4. 

12. Chitty LS, Altman DG. Charts of fetal size: kidney and renal pelvis 
measurements. Prenat Diagn 2003; 23 (11): 891-7. 

13. Cohen HL, Cooper J, Eisenberg P, et al. Normal length of fetal kidneys: 
sonographic study in 397 obstetric patients. AJR Am J Roentgenol 1991; 157 (3): 
545-8. 

14. Grannum P, Bracken M, Silverman R, Hobbins JC. Assessment of fetal kidney 
size in normal gestation by comparison of ratio of kidney circumference to 
abdominal circumference. Am J Obstet Gynecol 1980; 136 (2): 249-54.

15. Roy KK, Mittal S, Buckshee K. Ultrasonographic normogram of fetal kidney 
circumference and fetal abdominal circumference ratio for early prenatal 
diagnosis. Indian Pediatr 1994; 31 (9): 1055-8. 

16. Van Vuuren SH, van der Doef R, Cohen-Overbeek TE, Goldschmeding R, 
Pistorius LR, de Jong TP. Compensatory enlargement of a solitary functioning 
kidney during fetal development. Ultrasound Obstet Gynecol 2012; 40 (6): 665-8.

17. Van Vuuren SH, Sol CM, Broekhuizen R, et al. Compensatory growth of 
congenital solitary kidneys in pigs reflects increased nephron numbers rather 
than hypertrophy. PLoS One 2012; 7 (11): e49735.

birth defect monitoring system (1990-1998). Arch Gynecol Obstet 2002; 266  
(3): 163-7. 

3. Hutton KA, Thomas DF, Davies BW. Prenatally detected posterior urethral 
valves: qualitative assessment of second trimester scans and prediction of 
outcome. J Urol 1997; 158 (3 Pt 2): 1022-5.

4. Robyr R, Benachi A, Daikha-Dahmane F, Martinovich J, Dumez Y, Ville Y. 
Correlation between ultrasound and anatomical findings in fetuses with lower 
urinary tract obstruction in the first half of pregnancy. Ultrasound Obstet 
Gynecol 2005; 25 (5): 478-82.

5. Oliveira EA, Diniz JS, Cabral AC, et al. Predictive factors of fetal urethral 
obstruction: a multivariate analysis. Fetal Diagn Ther 2000; 15 (3): 180-6.

6. Brenner BM, Mackenzie HS. Nephron mass as a risk factor for progression of 
renal disease. Kidney Int Suppl 1997; 63: S124-7.

7. Keller G, Zimmer G, Mall G, Ritz E, Amann K. Nephron number in patients 
with primary hypertension. N Engl J Med 2003; 348: 101-8.

8. Hoy WE, Hughson MD, Bertram JF, Douglas-Denton R, Amann K. Nephron 
number, hypertension, renal disease, and renal failure. J Am Soc Nephrol 2005; 
16: 2557-64.

9. Luyckx VA, Shukha K, Brenner BM. Low nephron number and its clinical 
consequences. Rambam Maimonides Med J 2011; 2 (4): e0061.

10. Zalel Y, Lotan D, Achiron R, Mashiach S, Gamzu R. The early development of 

Kaplowitz and colleagues examined rates of adverse pregnancy 
outcomes (APO) by race/ethnicity among women with systemic 
lupus erythematosus (SLE), with and without antiphospholipid 
antibodies (aPL), and whether socioeconomic status (SES) 
accounted for differences. The frequency of APO in Caucasian 
women with SLE, with and without aPL was 29% and 11%, 
respectively. For African American and Hispanic women it was 
approximately twofold greater. In African American women with 
SLE alone, adjustment for clinical variables attenuated the odds 
ratio (OR) from 2.7 (95% confidence interval [95%CI] 1.3–5.5) 
to 2.3 (95%CI 1.1–5.1), and after additional adjustment for SES, 
there were no longer significant differences in APO compared to 

Caucasians. In contrast, in SLE patients with aPL, Caucasians, 
African Americans, and Hispanics had markedly higher risks of 
APO compared to Caucasian SLE patients without aPL (OR 3.5 
[95% CI 1.4–7.7], OR 12.4 [95% CI 1.9–79.8], and OR 10.4 
[95% CI 2.5–42.4], respectively), which were not accounted for 
by clinical or SES covariates. The authors conclude that this 
finding suggests that for African American women with SLE 
without aPL, SES factors are key contributors to disparities in 
APO, despite monthly care from experts, whereas other factors 
contribute to disparities in SLE with aPL.
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Contribution of socioeconomic status to racial/ethnic disparities in adverse pregnancy outcomes 
among women with systemic lupus erythematosus

Capsule

Van Mater et al. compared practice patterns and prescribing 
differences for juvenile idiopathic arthritis (JIA) between adult 
rheumatologists (ARs) and pediatric rheumatologists (PRs), 
the perceived educational needs, and factors that enhance or 
impede co-management. Two parallel, cross-sectional surveys 
focusing on JIA were administered in 2009 to a random sample 
of 193 PRs and 500 ARs using the American College of Rheu- 
matology membership file. Bivariate analysis was conducted for 
common items. The response rate was 62.1% for ARs (n=306) 
and 72.3% for PRs (n=138). Nearly one-quarter of surveyed 
ARs care for children with JIA, with most limiting their practice 

to older children. There was more discomfort in treating JIA 
than diagnosing it, and there were significant prescribing 
differences. Both provider types identified the need for 
better dosing and treatment resources. Updated management 
guidelines along with exposure to pediatric rheumatology in 
fellowship could reduce treatment differences and enhance 
the care of children with JIA. Shared medical records and 
improvement in reimbursement may optimize co-management.

Arthritis Care Res 2018; 70: 268
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Prescribing for children with rheumatic disease: perceived treatment approaches between 
pediatric and adult rheumatologists

Capsule


