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ABSTRACT

Objective: To establish the usefulness of fetal kidney length measurement in the
prediction of gestational age. Design: Prospective, longitudinal cohort study.
Institution: Hospital Central "Dr. Urquinaona", Maracaibo, Venezuela. Participants:
Women with low-risk singleton pregnancies, between 18 and 40 weeks of gestation.
Methods: Biparietal diameter, abdominal circumference, femur length, and fetal
kidney length were measured during the duration of pregnancy. Main outcome
measures: Prediction of gestational age by measurement of fetal kidney length.
Results: Datafrom 215 pregnantwomenwas selected. Atotal of 3,291 total evaluations
were performed, with the lowest number of evaluations at 31 weeks (128), and the
highest number (157) at 28 weeks. Fetal kidney length presented strong, positive
and significant correlations with gestational age by date of last menstrual period and
by ultrasound measurements (p < 0.001). The model of gestational age predicted
by the transverse diameter of the cerebellum reached a value of the coefficient
of determination of 0.682. The correlation between gestational age by date of last
menstrual period and that predicted by the model reached a value of r = 0.826
(p < 0.001). Conclusion: Measurement of fetal kidney length is useful for predicting
gestational age and together with other routine ultrasound measurements may
improve the ability of current prediction models.

Key words: Fetus, Fetal development, Biometry, Kidney, Prenatal diagnosis,
Ultrasonography, prenatal, Gestational age

RESUMEN

Objetivo. Establecer la utilidad de la medicion de la longitud del rifién fetal en la
prediccién de la edad gestacional. Disefio. Estudio de cohortes, prospectivo y
longitudinal. Institucién. Hospital Central “Dr. Urquinaona”, Maracaibo, Venezuela.
Participantes. Mujeres con embarazos simples de riesgo bajo, entre 18 y 40
semanas de gestacion. Métodos. Se midieron los valores de didmetro biparietal,
circunferencia abdominal, longitud del fémur y longitud del rifién fetal durante la
duracion del embarazo. Principales medidas de resultado. Prediccion de la edad
gestacional por medicién de la longitud del rifion fetal. Resultados. Se seleccion6
los datos de 215 gestantes. Se realizaron un total de 3,291 evaluaciones, siendo el
menor numero de evaluaciones a las 31 semanas con 128, y el mayor nimero 157, a
las 28 semanas. La longitud del rifién fetal presentd correlaciones fuertes, positivas
y significativas con la edad gestacional por fecha de ultima menstruacion y por las
mediciones ecogréficas (p < 0,001). El modelo de edad gestacional predicha por el
diametro transverso del cerebelo alcanzé un valor del coeficiente de determinacién
de 0,682. La correlacién entre la edad gestacional por fecha de Ultima menstruacién
y la predicha por el modelo alcanzé un valor de r = 0,826 (p < 0,001). Conclusion. La
medicion de la longitud del rifién fetal es Util para predecir la edad gestacional y
junto a otras mediciones ecograficas rutinarias puede mejorar la capacidad de los
modelos de prediccion actuales.

Palabras clave. Feto, Desarrollo fetal, Biometria, Rifi6n, diagndéstico prenatal,
Ecografia prenatal, Edad gestacional

INTRODUCTION

Accurate determination of gestational age (GA) is critical both to estab-
lish fetal health and probable delivery date and to diagnose any growth
faltering. Uncertain GA is associated with increased risk of adverse peri-
natal outcomes including low birth weight, spontaneous preterm deliv-
ery, and mortality, regardless of maternal characteristics®.

The three basic methods for estimating GA are date of last menstrual
period (LMP), clinical examination, and ultrasonography. The first two
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are subject to considerable error and are only
useful when not available in institutions lack-
ing ultrasound equipment®@. Ultrasonography
plays a key role as an integral part of obstetric
practice. Ultrasound estimation of GA is derived
from a model based on the combination of fetal
biparietal diameter (BPD), femur length (FL) and
fetal abdominal circumference (AC)®. However,
as pregnancy progresses, these parameters be-
come increasingly unreliable for predicting GA,
due to the biological variations that the fetus
may experience. These variations may be caused
by maternal age, parity, gestational weight gain,
geographic location, and specific population
characteristics“®). There are also technical fac-
tors, such as inter-observer error and different
measurement techniques, which contribute to
the variability of measurements as pregnancy
progresses®,

Several non-traditional ultrasound parameters
have been evaluated to predict GA, such as
trans-cerebellar diameter, clavicle length, epiph-
yseal ossification centers, amniotic fluid volume,
echogenicity and transverse diameter of the co-
lon and placental thickness!”. Fetal renal length
(FRL) is one of those alternative parameters to
establish GA during the second and third tri-
mester. This parameter can be measured from
18 weeks of gestation. It has constant growth
during pregnancy and is affected by growth ab-
normalities. Previous studies reported that LRF
is strongly related to GA®?. However, little infor-
mation is available from studies in Venezuelan
and Latin American pregnant women.

The objective of this research was to establish
the usefulness of fetal renal length measure-
ment in the prediction of gestational age.

MATERIALS AND METHODS

A longitudinal and prospective study was per-
formed between January 2016 and August 2022
in women with low-risk singleton pregnancies
who attended the prenatal clinic of the Central
Hospital of Maracaibo, Venezuela, for routine ul-
trasound evaluation of pregnancy. After explain-
ing the procedure and the potential risks to the
selected women, the patients signed the written
informed consent. The study was approved by
the Hospital Ethics Committee and was conduct-
ed in accordance with the principles of the Dec-
laration of Helsinki.
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Pregnant women between 18 and 40 years of
age, with regular menstrual cycles, accurate
LMP in the 6 months prior to conception and GA
between 18 and 20 weeks according to LMP and
who were followed up to 40 weeks were includ-
ed in the study. In addition, all were required to
have ultrasound assessments of craniocaudal
length performed during the first trimester of
pregnancy.

Women with multiple pregnancies, fetal growth
restriction (IUGR), amniotic fluid volume abnor-
malities, chronic or pregnancy-induced hyper-
tension, bleeding in the first or second half of
pregnancy, fetal anomalies, history of smoking,
illicit drug use, endocrinopathies, heart disease,
kidney disease, and differences of 2 weeks or
more between GA by LMP and GA established
by first-trimester ultrasound evaluation were
excluded. Patients were also excluded if all four
measurements had not been taken at the time
of evaluation and if they missed at least three®
consecutive follow-up visits.

After appropriate questioning and physical ex-
amination, the different fetal ultrasound mea-
surements were performed: FRL, BPD, AC and
FL. All these measurements were performed in
the same trans-abdominal evaluation with the
pregnant women in the supine position and us-
ing a 730-Expert® ultrasound scanner (Voluson,
Austria) and a 3.5 MHz curvilinear transducer. All
patients in the study were evaluated every two
weeks and the measurements of the parame-
ters were done by two physicians specialized in
maternal-fetal medicine with experience in fetal
ultrasound, who did not participate in the final
analysis of the results. For each ultrasound pa-
rameter measured, three measurements were
obtained and the average value was used as the
final value.

The BPD measurement was performed in cross
section, locating the interhemispheric fissure,
cavum septum pellucidum and the third ven-
tricle. The value used was from the outer edge
of the fetal parietal, closest to the transducer,
to the inner edge of the farthest parietal. Fetal
AC was measured in a cross section of the abdo-
men, just below the heart, at the level of the liver
and with visualization of the intrahepatic portion
of the umbilical vein, stomach and spine; the el-
liptical method was used with the most circular
abdominal contour possible. The fetal FL was
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measured with an inclination of the transducer
less than 45°, to eliminate angle distortion. This
measurement was performed on the entire fem-
oral extension, between the middle thirds of the
distal epiphysis and proximal epiphysis (ossified
diaphysis), excluding metaphysis and ossified
nuclei.

LRF measurements were performed in the
transverse scan, in a cephalocaudal direction
until both kidneys were visualized, at or just be-
low the level of the stomach. The transducer was
oriented at a 90° angle to obtain the view of the
longitudinal axis of each kidney on both sides of
the abdominal aorta. All measurements were
made from the outer edge of the upper pole to
the outer edge of the lower pole, as previously
described. Three measurements were taken
and the average value in millimeters was used
for statistical analysis. Cases in which it was im-
possible to perform the evaluation were exclud-
ed from the study.

A base was constructed with all the available
data to elaborate a reference table for the FRL
measurements with their corresponding GA.
Correlations between the FRL values with the
GA by LMP and the other ultrasound measure-
ments were determined using Pearson's correla-
tion. Subsequently, a linear regression analysis
was used to obtain a prediction model of the
GA based on the FRL values measured by ultra-
sound and another using the combination of
all the ultrasound parameters. Finally, the dif-
ference between the GA by LMP and those pre-
dicted by each model was calculated. A value p <
0.05 was considered statistically significant.

REesuLTs

Data from 215 healthy women with singleton
pregnancies followed continuously for prenatal
ultrasound evaluation, with mean age of 29.3 +/-
6.8 years and 1.5 +/- 0.8 pregnancies, were se-
lected for the final analysis. Ninety-five patients
(46.3%) were primigravidae. The values for the
number of evaluations and FRL between 18 and
40 weeks of gestation are shown in Table 1. A
total of 3,291 total evaluations were performed,
with the lowest number being 128 evaluations
at 31 weeks and the highest number 157 at 28
weeks.

TABLE 1. FETAL KIDNEY LENGTH VALUES BY GESTATIONAL AGE.

Fetal kidney length (millime-
ters)

Gestational age by Average +/-
date of last mens- H standard ﬂ E
trual period (weeks) deviation
18 131 15 28

210+/-37
19 132 212+/-35 16 28
20 152 234+/-36 17 30
21 143 252+/-34 19 3l
2 150  257+/-37 19 32
23 146 271+/-42 20 36
24 148 294+/-44 22 37
25 142 308+/-45 23 39
26 155 320+/-44 24 40
27 140 329+/-46 25 41
28 157 339+/-4l 26 41
29 150  356+/-46 27 43
30 149 358+/-47 28 44
3l 128 373+/-44 30 45
32 129 378+/-44 30 46
33 141 387+/-47 3l 47
34 146 394+/-52 3l 48
35 140 403+/-44 32 48
36 145 409+/-48 32 49
37 134 4l1+/-42 33 49
38 150  417+/-50 33 50
39 141 419+/-44 34 50
40 142 434+/-47 35 51

FIGURE 1. PRENATAL ULTRASOUND. THE ARROW INDICATES THE MEASURE-
MENT OF THE LENGTH OF THE FETAL KIDNEY.

When analyzing the correlation between FRL
with GA by LMP and the rest of the ultrasound
variables evaluated, strong, positive and signifi-
cant correlations were found with GA (r=0.826; p
<0.0001), FL (r=0.823; p <0.001), BPD (r = 0.822;
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p <0.001)and AC (r =0.811; p <0.0001) (Figure 2).
The model of predicted GA using a linear regres-
sion model with LRF values resulted in:

GA estimated by FRL = 6.359 + (FRL * 0.670).

The value of the coefficient of determination (r2) of
the model was 0.682 (Figure 3). The average differ-

ence between GA by LMP and GA obtained by the
model was +/- 2.2 weeks (16 days). When correlat-
ing with the GA by LMP, a value of r = 0.826 was
observed (Figure 4). The coefficient of determina-
tion value for FRL was lower than that observed
for BPD (r2 = 0.961), AC (r2 = 965) and FL (r2 = 970);
when evaluated individually. However, all these
values were statistically significant (p < 0.0001).

FiGURE 2. CORRELATION BETWEEN FETAL KIDNEY LENGTH VALUES AND GESTATIONAL AGE BY DATE OF LAST MENSTRUAL PERIOD, BIPARIETAL DIAMETER, ABDOMINAL

CIRCUMFERENCE AND FEMUR LENGTH.
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FIGURE 3. GRAPH OF REGRESSION ANALYSIS BETWEEN GESTATIONAL AGE BY
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F1GURE 5. CORRELATION BETWEEN GESTATIONAL AGE BY DATE OF LAST
MENSTRUAL PERIOD WITH GESTATIONAL AGE PREDICTED BY THE COMBINATION
OF FETAL ULTRASOUND PARAMETERS.

40 - o
°
o
L]

w
@

w
o
L

20

GAby ultrasound parameters (weeks)
N
wv

r=0,826;p <0,0001

15 20 25 30 35 40
Gestational age by LMP (weeks)

Combining the four ultrasound parameters

studied in the resulting model was:

Estimated GA =3.978 + ((0.086 * BPD) + (0.033 *
AC) +(0.200 * FL) + (0.013 * LRF)).

The determination value of this model was 0.979.
When correlating the values of GA per LMP with
the results of the model, a correlation of 0.826
was found which was statistically significant (p <
0.0001). The maximum difference between the
GA by LMP and that predicted by the model was
+/- 0.8 weeks (5 - 6 days).

DiscussioN

The results of this study show that FRL is a use-
ful measure in the prediction of GA, as it pres-
ents significant correlations with GA by LMP and
the values of BPD, FL, and AC. These results are
similar to previous studies demonstrating that
FRL is useful in predicting GA™. Other investi-
gations confirmed that the measurements can
be used as an additional ultrasound parameter
in the routine assessment of fetal well-being
and to rule out renal malformations due to size
change(9,

Accurate determination of GA has marked bene-
fits in perinatal medicine. However, when wom-
en are unsure of their LMP, it can be difficult to
date the pregnancy. Therefore, it is necessary
to use ultrasonography to attempt to establish
accurate GA during the late second and third
trimester. The advent of high-resolution equip-
ment has improved the ability to image fetal
organs’?. Efforts have been directed at finding
an appropriate biometric parameter that can

better predict gestational age as the pregnancy
progresses to term. Such a biometric parameter
should have little biological variation and be eas-
ily measured with a high degree of reproducibil-
ity and reliability.

The fetal kidney fulfills these conditions, since
its growth is constant throughout pregnancy
(increasing in a linear fashion, approximately 1.7
millimeters every two weeks) and is not affected
by growth disturbances>. The development of
the fetal kidneys follows a complex but distinctive
sequential pattern that begins around 7-8 weeks
and continues until 35-36 weeks"". Fetal kidneys
are difficult to identify by ultrasound before 17
weeks but are visible in approximately 90% of
fetuses between 17-22 weeks. During the second
trimester, fetal kidneys appear as hypoechoic,
oval structures in the retroperitoneum surround-
ing the pyelocaliceal sinus, slightly more echogen-
ic, but lacking distinct borders. As they develop,
the pyelocaliceal system becomes more notice-
able. At around 27 weeks, the renal pyramids and
capsule are evident®. As pregnancy progresses,
perinephric fat deposits help to accurately identi-
fy the renal borders by differentiating them from
adjacent soft tissues®'”). Around 30 weeks, per-
inephric fat accentuates the renal contour®®. Al-
terations in fetal growth predominantly affect the
antero-posterior and transverse diameters of the
fetal kidneys without altering their lengtht1617),

The results of this study confirm that FRL is a
useful measure with high predictive value that
can be used as a complementary parameter to
traditional measurements. Other studies have
demonstrated the usefulness of FRL in predict-
ing GA. One investigation showed that there was
a strong correlation between the two variables
during the third trimester of pregnancy, even in
cases of intrauterine growth restriction of the
fetus". Another study concluded that there was
a positive and significant correlation between
the two variables with a linear growth rate
throughout pregnancy!. A subsequent investi-
gation indicated that FRL had a high correlation
with GA and other ultrasound biometric values
on an individual basis®?. Finally, one research
group proposed that FRL was the most accurate
single parameter for estimating GA compared to
other biometric parameters, especially in cases
of IUGR and some maternal conditions in which
other ultrasound parameters may not be reli-
able for establishing GA®@",

Rev Peru Ginecol Obstet. 2023;69(2) 5
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The results of this investigation also confirmed
that FRL measurement has similar predictive ca-
pabilities for GA as BPD, AC and FL individually.
However, several authors have reported that its
predictive ability is superior to the other ultra-
sound parameters in predicting GA(316:2223) This
is an important aspect, since previous research
has described that BPD loses predictive value as
pregnancy progresses to term, due to the fitting
- modeling of the cephalic pole and the difficul-
ty in obtaining the standard plane of measure-
ment®,

The correlation between FRL and GA predicted
by the combination of all ultrasound markers
in this investigation is similar to what has been
previously reported(3141617.22:24)_|n addition, sig-
nificant correlations have been shown to exist
between FRL with LMP and with estimated third
trimester GA by a single ultrasound measure-
ment2s),

In the regression model, the value of FRL was r2
=0.682 for predicting GA, which is clinically use-
ful. In addition, the regression model using the
four ultrasound parameters achieved a value
of r2 = 0.979 which can improve the predictive
ability of traditional ultrasound measurements.
The model for estimating GA at the end of preg-
nancy, which included the variables LRF, BPD,
FL, and AC, accurately predicted gestational
age with a standard error of +/- 0.8 weeks. This
model was slightly more accurate than those de-
rived from biometric indices using BPD and FL
(+/- 1.40 weeks), BPD, FL, and AC (+/- 1.35 weeks)
and BPD and FL (+/- 1.43 weeks). Individually,
both FRL and FL were the most accurate indi-
vidual parameters for predicting GA using sim-
ple linear regression models (+/- 1.47 and 1.56
weeks, respectively). AC was the least accurate
(+/- 2.0 weeks)™. The standard error of predic-
tion of GA obtained from a multivariate model
has been shown to be lower than that obtained
when using a single variable. This agrees with re-
sults of other authors who recommend that ul-
trasound estimation of GA should be the result
of the combination of different fetal biometric
measurements®:26-29,

Importantly, combining the FRL value with oth-
er routine fetal biometric measurements can
be useful in predicting GA in fetuses susceptible
to growth faltering or when there are pathol-
ogies that preclude its measurement such as

6 Rev Peru Ginecol Obstet. 2023;69(2)

achondroplasia, phocomelia, amelia, fetal hep-
atosplenomegaly, cranial agenesis or anenceph-
aly®. In addition, it is valuable in circumstances
where BPD or fetal head circumference cannot
be measured.

The main strength of this study is that it is the
first known investigation that confirms the use-
fulness of FRL in predicting GA in Latin American
and Venezuelan patients during the second and
third trimester of pregnancy. In addition, the
sample and number of observations is one of
the largest published to date. Among the limita-
tions is that FRL measurement may be difficult
to perform in fetuses with breech presentation
or vertex presentation with the back oriented
laterally or posteriorly. In addition, technical
errors or maternal obesity may lead to poor as-
sessments and prevent identification of the fetal
kidneys, especially during the second trimester,
when the fetal adrenal and renal parenchyma
have homogeneous patterns. This can be cor-
rected by modifying the transducer position and
insonation angle. Accuracy may be affected by
sonographer experience, equipment quality, ob-
server bias, and population differences.

CONCLUSIONS

Measurement of fetal kidney length is useful for
predicting gestational age and in conjunction
with other routine ultrasound measurements
may improve the ability of current prediction
models.
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