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Nomogram for Foetal Kidney Length

JJ Kansaria*, SV Parulekar**

Abstract

Objective : To evaluate the application and accuracy of foetal kidney length measurement in
determining the gestational age of the foetus.

Design : Prospective study

Methodology : Out of 70 women, 50 women who were certain of their last menstrual periods
(LMP) and who had regular menstrual cycle completed the study. Serial study of foetal biometry
at 2 weekly intervals between 22 weeks and 38 weeks of gestation was performed to measure
foetal kidney parameters and BPD, FL, AC, head circumference (HC).

Result : Foetal kidney length grows at the rate of 1.7 mm fortnightly. Kidney length predicted
gestational age with better precision than the model with biometric indices of Biparietal
Diameter (BPD), Abdominal Circumference (AC) and Femur Length (FL).

Conclusion : The study demonstrated that by measuring kidney length, pregnancies could be
dated within 9.17 days in those booking late or in those who had forgotten their last menstrual
periods and presented late for booking.

these methods are not reliable in third
trimester of pregnancy. Even the composite
gestational age prediction in the third
trimester does not give with great accuracy
the actual gestational age, taking into
consideration the discrepancies of late
trimester scan and possibility of growth
retardation.

Recent studies have indicated that foetal
kidney length (KL) correlates well with
gestational age. 1 The conclusion of these
studies indicate that the foetal kidney length
could be used in the gestational age
estimation where the dates are uncertain or
the women come for ultrasound foetal
biometry dating in the third trimester itself.

This  study was undertaken:

1. To make a nomogram for foetal kidney
length.

2. To evaluate the application and accuracy
of foetal kidney length measurement in
determining the gestational age of the
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Introduction

The accurate knowledge of gestational age
is a keystone in an obstetrician's ability

to successfully manage the antepartum care
of a patient and is of critical importance in
ante-natal test and successful planning of
appropriate therapy or intervention. Failure
can result in iatrogenic prematurity which is
associated with increased perinatal morbidity
and mortality.

A number of ultrasonic parameters have
been used to calculate a composite gestational
age (CGA). The biparietal diameter (BPD),
head circumference (HC), femur length (FL),
abdominal circumference (AC), length of other
long bones are the frequently used
parameters for determining the gestational
age. Most of these methods can predict
gestational age with accuracy. However,
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foetus in IInd  and IIIrd  trimester.

To compare its accuracy with that of other
selective foetal biometric indices (BPD, FL,
AC).

Material and Method

70 Women who were certain of their last
menstrual period (LMP) and who had regular
menstrual cycle were selected and EDD
calculated by Naegle’s rule. Each consented
to a serial study of foetal biometry at 2 weekly
intervals between 22 weeks and 38 weeks of
gestation. Each was counselled regarding the
study and consented for the same. Gravidas
with normal pregnancies were included in this
study. The EDD of each woman was
accurately calculated and previous reliable
menstrual history was ascertained. The initial
measurements were performed at 20 weeks
of gestation (including placental localization
and excluding foetal congenital anomalies)
and subsequent measurements were started
at 22 weeks and continued at 2 weekly
intervals. Foetuses with congenital anomalies
were excluded from study.

During the course of the study, the
registered women were also subjected to
routine antenatal examination. This
examination was done at 2 weekly intervals
along with sonographic evaluation. The
antenatal examination included weight of the
patient, urine examination for protein, blood
pressure, fundal height measurement,
systemic examination and obstetric
examination. Routine standard blood
examination included haemoglobin, s. VDRL,
blood group, fasting blood sugar and HIV
testing were done after appropriate
counselling of the patients.

During the study, 10 women did not follow
up regularly and were hence, excluded from
the study. 4 women delivered prematurely,
before 34 weeks and so, had to be excluded

from the study. Asymmetrical intrauterine
growth restriction was seen in 4 women,
during the study and hence, had to be
excluded from the study. There was one case
of polyhydramnios and another case of
oligohydramnios (AFI < 5 cm), so these two
women had to be excluded from the study. In
total, 50 patients were studied at 2 weekly
intervals from 22 weeks till their date of
delivery or 38 weeks, whichever occurred
first.

The foetal biometry measurements were
performed on a Wipro GE RT 3200 advantage
II x ultrasound machine using a 3.5 MHz
curvilinear probe. The data has been analysed
from 23 - 24 weeks, as the foetal kidneys are
well appreciated by 24 weeks and not in all
cases seen before 22 weeks. The foetal kidney
appears ultrasonically as a sonoluscent halo
of tissue surrounding the somewhat more
echogenic pyelocalyceal sinus. The foetal
kidneys are somewhat difficult to identify till
17 weeks of gestation. However, one or both
were identified in 90% of cases from 17 to 22
weeks of gestation. Initially they appear as
hypoechogenic oval structures in the posterior
mid abdomen. As the kidneys mature the
pelvi-calyceal system becomes more apparent.
At approximately 27 weeks, pyramids and a
distinct capsule become apparent. The renal
lengths are measured from upper to lower
pole. Thickness and width of kidney were
measured in a transverse foetal section rather
than a transverse section of kidney because
the former is easier to produce (Fig. 1).
Standard methods of obtaining the biparietal
diameter, head circumference, femur length
and abdominal circumference were employed.

After determining the foetal l ie, axial
sections were obtained perpendicular to the
foetal spine, adjusting the position of the
patient or tilting the scanning arm for best
results. Major landmarks were identified as



Bombay Hospital Journal, Vol. 51, No. 2, 2009 157

a guide to cranio-caudal position of the axial
images; these included the heart (in the
thorax), liver (in the upper abdomen, above
the kidneys) and urinary bladder (in the
pelvis, caudal to the kidneys). A series of axial
scans through the kidneys were then made
at 2.5 mm intervals to obtain a coronal or
sagittal view, the scanning arm was turned
90 degree to the plane of the axial scans (Fig.
2). As the kidneys enlarge, they become
progressively easier to identify and by 30
weeks there is sufficient fat surrounding and
accentuating the normal sonolucent renal
parenchyma to make identification relatively
simple. For any measurement to be included
in the study, the adrenal glands had to be
clearly identified and excluded from the
measurements. The right and left kidneys
were measured twice and the mean of
measurement of the two kidneys was taken.
Statistical analysis was done using linear
regression equation.

The gold standard used for comparing
maturity and gestational age measurements
were :

i . correct dates, regular past menstrual
cycles;

i i . first  and early second trimester scan to
counter check the dates;

i i i . early clinical examination;

iv. comparing the maturity of foetus at birth
with the clinical and ultrasound
gestational age.

All these above parameters help to
correlate gestational age between dates,
clinical examination, ultrasound findings and
postnatal assessment of foetal maturity and
gestational age.

Results

The study involved 70 women with
singleton uncomplicated pregnancies who
underwent standard ultrasound foetal
biometry and kidney length measurement
every 2 weeks between 24 and 38 weeks
gestation. During the course of study
eventually 50 women were studied, the rest
being excluded for reasons as stated before.

Fig. 1 :Foetal ultrasound scan transverse view at
28 weeks gestational age in AGA foetus
showing kidneys in transverse view; both
kidneys demarcated between two arrows and
S denotes the three ossification centres of the
foetal vertebra .

Fig. 2 :Foetal ultrasound scan, sagittal view at 34
weeks gestational age in AGA foetus. The
foetal kidney length
(KL) marked as  +————+. The oblique
arrow ( ä ) points towards the well formed
echogenic  perinephric fat. Two parallel
arrow (      ) present the adrenal gland; S
denotes foetal spine

ß
ß
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These measurements were used to date the
pregnancies relative to the dating using their
gestational age according to the known last
menstrual period (LMP).

The mean age of the women under study
was 23 years (ranging from 19 years - 25
years); the parity of women being 1.3 (range
from 0 - 3 gestations). In majority of the study
(29 pregnancies out of 50) the foetuses were
in breech presentation ti l l 32 weeks of
gestation but at term 4 were only found to be
in breech presentation (Table 1).

The changes in the biparietal diameter,
femur length and head and abdominal
circumferences with gestation were as
previously reported by other authors.2-6 There
were no sex differences in renal and foetal
biometric indices as was ascertained after
delivery.

During the study it was observed that in
early gestation, about 16 pregnant women
had placenta previa. By the time of full term
gestation, 4 women had placenta previa, the
rest placentae had migrated in the upper
segment. 2 women were complete previa and
required caesarean section, the other 2 had
Type- I placenta previa and had vaginal
delivery (Table 1).

The mean foetal kidney length has
increased from 23.87 mm at 24 weeks of
gestation to 36.25 mm at 38 weeks of
gestation. There was statist ically no
significant variation between the
measurement of the left and right foetal
kidneys (Table 2).

Changes in foetal kidney diameter and
foetal kidney circumference with gestational
age are as shown in Table 3. Foetal kidney
diameter shows a linear increase by 1 to 1.2
cm every 2 weekly as is evident in this Table.

Foetal kidney circumference shows a linear
increase by 3.0 to 3.5 cm every 2 weeks.

Table 1 : Incidental findings during the
course of study

Total women in the study 70

Total women who completed the study 50

Mean Age of women in the study 23 Years

Mean parity of women in study 1.3

Full term breech presentations 4

Full term placenta previa 4

Table 2 : Changes in foetal kidney length with
gestational age (weeks) in the study. Values
(mm) are mean ± standard deviations (SD)

Gestational age Mean foetal kidney length
(in weeks) (± SD) (mm)

24 23.87 (1.17)

26 25.23 (1.18)

28 26.98 (1.06)

30 29.03 (1.32)

32 30.80 (1.53)

34 32.51 (1.38)

36 34.26 (1.41)

38 36.25 (1.70)

Table 3 : Changes in foetal kidney
diameter(kd) and circumference (KC) with
gestational age (GA weeks)  in the study.

Values (mm) are mean ± standard deviations

GA Mean Foetal KD Mean Foetal KC
(in weeks) (± SD) (mm) (± SD) (mm)

24 13.61 (1.56) 42.68 (5.39)

26 14.67 (1.51) 46.27 (5.57)

28 15.76 (1.55) 49.87 (6.13)

30 17.12 (2.03) 53.59 (5.84)

32 18.36 (1.54) 56.07 (5.77)

34 19.55 (1.73) 59.0 (5.79)

36 20.69 (1.93) 62.23 (5.57)

38 21.69 (1.88) 64.82 (4.96)

Table 4 shows the linear progression of the
biometric indices of biparietal diameter,
femur length and abdominal circumference
with their standard deviations in weeks
against the gestational age according to the
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Ultrasonography fails in accurate
determination of foetal age in the third
trimester due to a large variability in the
biometric parameter readings.

During the early stages of pregnancy,
gestational age can be determined accurately
by gestational sac diameter and volume,
foetal crown –rump length7 and much later
with the help of biparietal diameter and femur
length measurements.8,9 However, when
women book late and in particularly those
who are uncertain of their last menstrual
period, it is often difficult to date pregnancies.

Various parameters have been studied for
dating pregnancies which include floating
particles in the amniotic fluid,10 transcoelomic
diameter, 11 transcerebellar diameter, 12

ossification centres of the long bones,13

clavicular length, foot length, 14 thoracic-
abdominal diameter ratios.10

Although foetal kidney size, as for all foetal

menstrual history.

Table 5 shows the equations derived from
linear regression analysis when the individual
variables were considered separately. The
most accurate was foetal kidney length with
standard error of 9.17 days, while the most
inaccurate was abdominal circumference with
standard error of 11.14 days.

Figure 3 a,b,c shows linear graphs of the
foetal kidney length, foetal kidney
circumference and foetal kidney diameter in
the study against the gestational age. Foetal
kidney circumference shows a linear increase
by 3.0 to 3.5 cm every 2 weeks. Foetal kidney
diameter shows a linear increase by 1 to 1.2
cm every fortnightly.

Discussion

In the absence of reliable menstrual
history there is no accurate alternative
method of predicting the expected date of
confinement.

Table 4 : Association between gestational age and BPD, FL, AC in study group

Gestational age Mean BPD Mean FL Mean AC
(weeks) (X ± SD) (In weeks) (X ± SD)  (In weeks) (X ± SD) (In weeks)

24 23.76 ± 1.13 23.41 ± 0.81 23.26 ± 0.96

26 25.27 ± 1.19 25.25 ± 1.09 25.01 ± 1.09

28 27.08 ± 1.40 26.80 ± 1.22 26.65 ± 1.36

30 29.14 ± 1.31 28.90 ± 1.18 28.63 ± 1.45

32 30.89 ± 1.44 31.47 ± 1.70 30.31 ± 1.99

34 32.96 ± 1.39 32.85 ± 1.10 32.38 ± 1.56

36 34.71 ± 1.36 34.77 ± 1.29 34.40 ± 1.47

38 36.25 ± 1.17 35.97 ± 0.83 35.81 ± 1.33

Table 5 : Linear regression equation: association between gestational age and other various
indices i.e. KL/FL/AC/BPD

Parameters Intercept Slope P value r 2 SEp
Estimate S E Estimate S E

Kidney length 2.964 0.42 0.832 0.014 < 0.001 97.67 9.17

Femur length 0.741 0.52 0.411 0.006 < 0.001 94.84 10.28

Abdominal circumference 3.898 0.871 0.84 0.003 < 0.001 92.41 11.14

Biparietal diameter 3.084 0.428 0.39 0.0042 < 0.001 90.91 10.99
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organs is affected by growth variations, these
appear to predominantly affect only the
anterior-posterior diameter and transverse
diameter. 16

The values for the foetal kidney length at
different gestational ages was lower than the
study of those reported by Cohen, et al16 and
Konje, et al1 and Lawson,17 et al but similar
to those reported by Bertagnoli, et al18 and
Jeanty, et al.19 The values in our study are
lower as discussed below plus there is
significant racial difference between our
people and those in the western world
(Table 6).

A number of reasons could explain these
differences. This include the number of
operators (multiple v/s two skilled operators
v/s one skilled operator), type of study (cross
sectional v/s longitudinal), estimation of
gestational age (rounded v/s exact) and quality
of ultrasound machine (older v/s newer),
racial differences. In this study, all
sonography were performed by a single
sonologist, it was a longitudinal  study, the
gestational ages were rounded of to the

Fig. 3b

Fig. 3c

Table 6 : Comparison between the mean foetal
kidney length of the study with that of the

study done by Konje et al, 20021

Gestational Mean foetal Mean foetal
age kidney length kidney length
(in weeks) (SD) in the (SD) in the

study (mm) study by
Konje, et al,
2002.1

24 23.87 (1.17) 24.2 (1.2)

26 25.23 (1.18) 26.3 (1.9)

28 26.98 (1.06) 29.0(2.2)

30 29.03 (1.32) 30.9 (3.2)

32 30.80 (1.53) 33.2(4.5)

34 32.51 (1.38) 35.0(3.6)

36 34.26 (1.41) 38.2(4.2)

38 36.25 (1.70) 40.1(2.4)

Fig. 3a
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nearest single figure; the ultrasound machine
used was new, patients included in the study
are from South-East Asia with body built
different from the population in the western
world.

The study demonstrated that by measuring
kidney length, pregnancies could be dated
within 9.17 days in those booking late or in
those who had forgotten their last menstrual
period and presented late for booking
(Table 6). Kidney length predicted gestational
age with better precision than the model with
biometric indices of abdominal circumference
and femur length, this provides an obvious
advantages where biparietal diameter and/
or head circumference cannot be accurately
measured because foetal head is too low or
correct plane for measurement cannot be
obtained. In these circumstances, therefore
kidney length can be used on its own to
estimate gestational age.

The linear equations derived from present
study have been compared with the individual
variable separately with the study done by
Konje et al,1 (Table 7).

The most accurate was the foetal kidney
length with a standard error (SE) of 10.29 days
by Konje, et al,1 and 9.17 days by this study ;
while the most inaccurate was abdominal
circumference with a standard error of 14.54

days by Konje, et al, and 11.14 days by this
study.

In a study by Konje JC et al; they
determined whether there are differences in
kidney size and shape in small and
appropriate for gestational age foetuses at
different gestation.20 The kidney lengths at
different gestational ages were similar in the
two groups. The circumference, transverse
and anterior-posterior diameters were
significantly greater in the appropriate for
gestational age foetuses from 28 weeks. They
concluded that differences in foetal kidney size
with gestation manifest from as early as 26 –
28 weeks. The foetal kidney length at
different gestational ages does not alter even
in small for gestational age foetuses.

Conclusion

Foetal kidney length fulfills the need of
the hour, it is an investigational tool that will
accurately predict the estimated date of
confinement without being affected by the
discrepancy of late trimester or by growth
retardation of the foetus. In India, where
routine early antenatal registration is not a
very common phenomenon, particularly in
the rural area and where illiteracy makes it
difficult to elicit proper menstrual history, it
is very imperative that accurate dating is
available. The foetal kidney is easy to identify

Table 7 : Linear regression equation comparison between the present study and the study by
Konje, et al. 2002

Parameters Study Intercept Slope
Estimate S E Estimate S E P value r 2 SEp

Kidney length Present Study 2.964 0.42 0.832 0.014 <0.0001 97.67 9.17
Konje, et al 2002 3.821 0.38 0.858 0.012 <0.0001 90.0 10.29

FL Present Study 3.084 0.52 0.411 0.006 <0.0001 94.84 10.2
Konje, et al 2002 5.000 0.348 0.449 0.005 <0.0001 89 10.96

A C Present Study 3.898 0.871 0.84 0.003 <0.0001 92.4 11.14
Konje, et al 2002 5.493 0.452 0.97 0.002 <0.0001 81.0 14.54

BPD Present Study 0.741 0.428 0.39 0.0042 <0.0001 90.91 10.99
Konje, et al 2002 0.808 0.447 0.388 0.005 <0.0001 88 11.62
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and reproduce. Hopefully, the results with
non-skilled operators in general population
will demonstrate its applicability in routine
practice.
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Atypical Antipsychotic Drugs and The Risk of Sudden Cardiac Death

It is known that the use of typical antipsychotic agents (e.g. haloperidol) is associated with an
increased risk of sudden cardiac death. This study shows that the same association applies to the
newer atypical antipsychotic agents (e.g. risperidone) and is dose-related.
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