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Abstract

Objective:.To investigate the correlation between fetal renal volume, gestational age, and fetal weight in the third trimester to
establish renal volume as a reliable marker for prenatal monitoring.

Study design: It was a Cross-Sectional study.

Place and duration of study: The study was conducted at Samar Diagnostic Lab, Lahore, from July to December 2024.

Material and Methods: This study included 385 third-trimester pregnancies. Ultrasonographic measurements of fetal renal
volume were performed for both kidneys. Descriptive statistics and tests of normality were applied to analyze growth patterns.
Correlation analyses (Pearson and Spearman) evaluated relationships between renal volume, gestational age, and fetal weight, while
regression models quantified predictive contributions of these parameters to renal volume.

Results: Mean renal volumes for the right and left kidneys were 7.54 cm3 (SD = 2.14) and 7.55 cm3 (SD = 2.16), respectively.
Gestational age (mean = 33.58 weeks) and fetal weight (mean = 2332.14 grams) exhibited strong correlations with renal volume (r
> 0.94, p < 0.001). Regression analysis revealed that gestational age and fetal weight explained 92.6% (R2=0.926) and 90.9%
(R2=0.909) of the variance in renal volume, respectively. Each additional week of gestation contributed 0.579 cms to renal volume,
while each gram of fetal weight added 0.003 cm3.

Keywords: Fetal renal volume, gestational age, fetal weight, ultrasonography, third trimester, fetal growth, prenatal assessment.

1. Introduction

Fetal renal volume is an essential parameter in
monitoring fetal growth and development during the
third trimester. The evaluation of renal volume provides
non-invasive insights into fetal health, aiding in the
detection of growth abnormalities such as intrauterine
growth restriction (IUGR). The third trimester
represents a crucial phase of rapid physiological
growth, making it an ideal period for assessing renal
development in relation to gestational age and fetal
weight.®

Ultrasonography is a well-established imaging
modality for assessing fetal development, offering
accurate renal volume measurements and serving as a
reliable predictor of fetal maturity. However, the
correlation between fetal renal volume, gestational age,
and fetal weight has not been fully integrated into
routine prenatal care. This study aims to explore these
relationships comprehensively, utilizing advanced

statistical analyses and regression modeling to validate
renal biometry as a critical tool for prenatal
monitoring.®

The assessment of fetal renal volume through
ultrasound has become an essential component of
prenatal care, particularly in the third trimester. This
period is critical for fetal development, and
understanding the correlation between fetal renal
volume, gestational age, and fetal weight can provide
valuable insights into fetal health and development. The
kidneys play a vital role in the production of amniotic
fluid and the regulation of fluid balance, making their
evaluation crucial in the context of fetal growth and
potential complications such as intrauterine growth
restriction (IUGR).®

Ultrasound technology has advanced significantly,
allowing for more precise measurements of fetal
organs, including the kidneys.
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The ability to visualize the fetal kidneys as early as 16
weeks of gestation has enhanced the understanding of
renal development and its implications for fetal
health.®

Furthermore, the relationship between fetal renal
volume and gestational age has been well-documented,
indicating that as gestational age increases, so does
renal volume, which can be attributed to the increase in
nephron number and overall kidney size.G%

The correlation between fetal renal volume and
gestational age has been a focal point of numerous
studies. It was demonstrated that fetal kidney length is
a reliable indicator of gestational age, with significant
correlations observed in their cohort. This finding
aligns with the work of Bravo-Valenzuela, Nathalie
Jeanne, et al.who emphasized the importance of
sonographic measurements of kidney length in
establishing gestational age during the late second and
third trimesters.® These studies collectively
underscore the utility of renal measurements in clinical
practice, particularly in cases where the date of the last
menstrual period is uncertain.®

Moreover, the relationship between fetal renal volume
and fetal weight has been explored extensively. A study
posited that renal volume can serve as a surrogate
indicator for nephron count in extremely low birth
weight preterm infants, suggesting that renal volume is
not only a marker of growth but also of functional
capacity. This perspective is supported by Suluba E et
al. and Abdennadher, W., et al., who found a significant
association between maternal renal volume and
estimated fetal weight, ) indicating that maternal
physiological changes during pregnancy can directly
influence fetal growth metrics.(”

Fetal renal development is a complex process that
begins early in gestation and continues throughout
pregnancy. By the third trimester, the kidneys are fully
formed and functional, contributing significantly to the
production of amniotic fluid through fetal urine 2.
Studies have shown that as gestational age increases,
there is a corresponding increase in renal volume,
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which can be quantitatively assessed using ultrasound
techniques.®

Research indicates a strong positive correlation
between gestational age and fetal renal volume. For
instance, a study demonstrated that the mean kidney
length increases significantly with gestational age, with
a notable difference observed when comparing
measurements from 22 to 39 weeks of gestation (p <
0.001) 3. This finding aligns with the general
understanding that fetal organs, including the kidneys,
grow in size as the pregnancy progresses. Furthermore,
the use of three-dimensional ultrasound has enhanced
the accuracy of these measurements, allowing for a
more precise evaluation of renal volume in relation to
gestational age.®

Fetal weight is another critical factor influencing renal
volume. Studies have shown that higher fetal weight is
associated with increased renal volume, suggesting that
the kidneys grow in proportion to the overall growth of
the fetus.®19 Specifically, research has indicated that
combined kidney volume is positively correlated with
fetal weight, with significant implications for assessing
fetal health.®® This relationship is particularly
important in cases of IUGR, where renal volume may
be reduced compared to appropriately grown fetuses.?

The assessment of fetal renal volume has significant
clinical implications. Abnormal renal volume can
indicate potential complications, such as congenital
anomalies or IUGR, which may require closer
monitoring or intervention.® For instance, fetuses with
reduced renal volume are at increased risk for
developing complications related to renal function and
overall growth.*? The ability to assess renal volume
through ultrasound provides a valuable tool for
identifying fetuses at risk for IUGR and implementing
appropriate interventions.*®

2. Materials & Methods

This cross-sectional study included 385 pregnant
women in their third trimester (28-40 weeks of
gestation). Ethical approval was obtained, reference
number is IRB/FAHS/Allied-HS/10/24/MS/RS-3574,
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and all participants provided informed consent.
Inclusion criteria consisted of singleton pregnancies
without known congenital anomalies or maternal
complications.

Ultrasound evaluations were conducted by certified
radiologists  using  high-resolution  equipment.
Measurements included the length, width, and depth of
both kidneys. Renal volume was calculated using the
standard ellipsoid formula:

Renal Volume (cm®) = LengthxWidthxDepthx0.52

Gestational age was confirmed using the last menstrual
period (LMP) and early ultrasound, while fetal weight
was estimated through standard biometric parameters.

Descriptive statistics summarized gestational age, fetal
weight, and renal volumes. Normality was assessed
using Kolmogorov-Smirnov and Shapiro-Wilk tests.
Pearson correlation coefficients assessed relationships
between renal volume, gestational age, and fetal weight.
Regression models quantified the contributions of
gestational age and fetal weight to renal volume.
Analyses were performed in SPSS, with p < 0.05
considered significant.

log10 weight = 1.335 - 0.0034 AC x FL + 0.0316 BPD
+0.0457 AC + 0.1623 FL

3. Results

Descriptive analysis of the study variables revealed
consistent growth patterns in renal volume as
gestational age and fetal weight increased during the
third trimester. Key descriptive data is presented in the
study

Both right and left kidney volumes exhibited similar
growth trends, with means of 7.54 cm3 and 7.55 cm3,
respectively. Fetal weight ranged widely (1163-3857
g), while gestational age spanned 28 to 40 weeks,
reflecting a diverse third-trimester population.

The Pearson correlation analysis revealed strong and
statistically significant positive correlations between
fetal renal volume and both gestational age and fetal
weight. Specifically, right kidney volume showed a
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correlation coefficient of 0.948 with gestational age and
0.938 with fetal weight, while left kidney volume
demonstrated slightly higher correlations of 0.950 with
gestational age and 0.943 with fetal weight. All
correlations were highly significant with p-values less
than 0.001, indicating a robust association between
increasing gestational parameters and kidney size.

These correlations confirm that renal growth strongly
aligns with fetal development parameters.

Multiple regression analysis was performed to
determine the contributions of gestational age and fetal
weight to renal volume:

1. Gestational Age:

o Explained 92.6% (R?=0.926) of the
variance in renal volume.

o [Each additional week of gestation
increased renal volume by 0.579 cm3.

2. Fetal Weight:

o Explained 90.9% (R?=0.909) of the
variance in renal volume.

o Each additional gram of fetal weight
increased renal volume by 0.003 cm3.

These models demonstrated high predictive accuracy,
with significant F-statistics (p < 0.001) and low
standard errors, further validating the relationships
between renal volume, gestational age, and fetal weight.

These graphs illustrate a strong linear relationship
between gestational age and renal volume for both
kidneys, indicating consistent renal growth during the
third trimester. The left kidney volume shows a
correlation coefficient of r = 0.950, while the right
kidney volume has r = 0.948, both with p < 0.001,
confirming statistical significance.
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Regression: Fetal Weight vs. Kidney Volume
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Figure 1: Fetal Weight and Renal Volume

This graph depicts the proportional increase in renal
volume as fetal weight increases, highlighting renal
biometry as a sensitive marker for fetal growth. For
fetal weight, the model shows a strong correlation (R =
0.954) with kidney volume, with 90.9% of the variance
(R? = 0.909) explained. The standard error of the
estimate (0.63988) suggests a slightly higher prediction
error than gestational age but remains reliable.

The F-statistic of 3835.350 (p < 0.001) confirms the
model's significance in predicting kidney volume using
fetal weight.

The coefficient for fetal weight is 0.003 (p < 0.001),
indicating that each gram of fetal weight contributes to
an increase of 0.003 cm? in kidney volume. The
intercept (1.363) reflects the baseline kidney volume.
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Regression: Gestational Age vs. Kidney Volume

12 1

Kidney Volume (cm?)
@ 5

o

28 0 E 3 36 38 20 )
Gestational Age (Weeks)

Figure 2: Scatter plot of Gestational Age and Fetal
Weight with Renal Volume

This scatter plot visually integrates gestational age, fetal
weight, and renal volume, demonstrating the
interconnected growth of these parameters. The model
demonstrates a very strong correlation (R = 0.962)
between gestational age and overall kidney volume,
with 92.6% of the variance (R?2 = 0.926) in kidney
volume explained by gestational age. The adjusted R2
of 0.925 confirms the model's robustness. The standard
error of the estimate (0.57959) indicates a low level of
prediction error, emphasizing that gestational age is a
reliable predictor of kidney volume.

The ANOVA test yields an F-value of 4758.749 with a
significance level (p < 0.001), strongly indicating that
the regression model is highly significant in explaining
variations in kidney volume based on gestational age.

The gestational age coefficient is 0.579 (p < 0.001),
meaning that for every additional week of gestation,
overall kidney volume increases by 0.579 cm3. The
constant (-11.895) reflects the intercept when
gestational age is 0.

Furthermore, the increase in renal volume is not merely
a function of gestational age but also correlates with
fetal weight. Research indicates that larger fetal renal
volumes are associated with higher fetal weights,
suggesting that renal development is closely linked to
overall fetal growth (15).
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Both models exhibited significant F-statistics (p<
0.001) and low standard errors, underscoring the
robustness of the predictions. These findings confirm
that kidney volume strongly correlates with fetal
growth and maturity, emphasizing the utility of
ultrasound in monitoring fetal development.

4. Discussion

While the current study contributes valuable insights,
it is essential to acknowledge its limitations. The study's
sample size and demographic characteristics may limit
the generalizability of the findings. Future research
should aim to include a more diverse population to
ensure that the results are applicable across different
ethnic and socioeconomic backgrounds. Additionally,
longitudinal studies that follow fetal growth over time
would provide a more comprehensive understanding of
renal development and its relationship with gestational
age and fetal weight.

The findings confirm a strong positive correlation
between fetal renal volume, gestational age, and fetal
weight. The consistent growth in renal volume observed
across the study population underscores its reliability as
a marker of fetal maturity. This finding is supported by
Shaheen et al., who found a correlation coefficient of
98.8% between fetal kidney length and gestational age,
emphasizing the reliability of renal measurements in
estimating gestational age. %

Furthermore, exploring additional factors that may
influence renal volume, such as maternal health,
environmental factors, and genetic predispositions,
could deepen our understanding of fetal renal
development.  Incorporating advanced imaging
techniques and molecular analyses could also enrich
future studies, enabling researchers to investigate the
underlying mechanisms driving the observed growth
patterns.

The implications of these findings are significant for
clinical practice. Accurate assessment of fetal renal size
can aid in identifying potential growth restrictions or
abnormalities. For example, abnormal kidney
development could be associated with conditions such
as intrauterine growth restriction (IUGR) or fetal
macrosomia, both of which have long-term health
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implications for the child.®® Moreover, assessment of
renal volume can serve as a non-invasive method to
monitor fetal health, allowing for timely interventions
if abnormalities are detected. 1516)

In addition to the direct correlations between renal
volume, gestational age, and fetal weight, other studies
have explored the impact of maternal factors on fetal
renal development. For instance, maternal obesity and
gestational diabetes have been shown to influence fetal
growth patterns, including renal size.”

The significant correlations between renal volume and
developmental ~ parameters  (r>0.94r>0.94r>0.94)
demonstrate that renal biometry can effectively monitor
fetal growth during the third trimester. Regression
analysis further validated these relationships, with over
90% of renal volume variability explained by
gestational and weight-related factors. The incremental
growth coefficients (0.579 cm? per week and 0.003 cm3
per gram) emphasize the sensitivity of renal volume as
a growth indicator.

The non-invasive nature of ultrasonography® makes
renal biometry a practical addition to routine prenatal
care. By integrating renal volume assessments,
clinicians can enhance their ability to identify and
manage growth abnormalities, improving maternal-
fetal outcomes.®?

The results of the current study provide valuable
insights into the relationships between gestational age,
fetal weight, and renal volume during the third trimester
of pregnancy. The descriptive statistics, correlation
analyses, and regression models collectively
underscore the strong positive associations between
these variables. These findings not only contribute to
our understanding of fetal renal development but also
align with and expand upon previous research in this
area.

In the results of correlation of Gestational Age and Fetal
Weight with Renal Volume, it demonstrated
remarkably high correlations between renal volume and
both gestational age and fetal weight, with Pearson
correlation coefficients of 0.948 and 0.938 for the right
kidney, respectively, and 0.950 and 0.943 for the left
kidney. These results are consistent with previous
studies that have reported similar trends in fetal kidney
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growth. For instance, a study found a strong correlation
between gestational age and renal size, indicating that
as gestational age increases, renal volume also increases
significantly.®® The values reported in our study,
particularly the correlations exceeding 0.9, suggest a
robust relationship that reaffirms the findings of by this
study and highlights the importance of gestational age
as a predictor of renal development.

Additionally, the significant correlation with fetal
weight aligns with findings from other studies, such as
the work by Scott, J. E. S., et al. 22 which indicated that
fetal growth directly influences kidney size. Our study's
results suggest that as fetal weight increases, renal
volume also increases proportionately, further
confirming that renal development is closely linked to
overall fetal growth. This relationship emphasizes the
critical role of monitoring both gestational age and fetal
weight in assessing renal health during pregnancy.

The regression analysis indicated that gestational age
and fetal weight accounted for a substantial portion of
the variance in renal volume (92.6% and 90.9%,
respectively). These findings are comparable to those of
previous studies, such as the research conducted by
Scott, J. E. S., et al. and Konje, J. C., et al.,?+?2 which
also reported high R2 values when evaluating the
contribution of gestational parameters to renal
development. Notably, our study's finding that each
additional week of gestation increases renal volume by
0.579 cm? represents a significant contribution to the
existing body of literature.

The predictive accuracy demonstrated in our regression
models, indicated by the significant F-statistics (p <
0.001), parallels the findings of previous researches®
23 who also reported strong statistical significance
when modeling renal growth in relation to gestational
and fetal parameters. This consistency across studies
reinforces the notion that gestational age and fetal
weight are critical determinants of renal volume and
highlights the utility of regression models in
guantifying these relationships.

The clinical implications of our findings are profound.
Understanding the growth patterns of fetal kidneys is
essential for identifying potential abnormalities in renal
development. The strong correlations between
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gestational age, fetal weight, and renal volume suggest
that deviations from expected growth patterns could
signal underlying pathologies. For example, studies
have shown that abnormal kidney size can be associated
with congenital anomalies, such as renal agenesis or
dysplasia.®” Regular monitoring of renal volume,
alongside gestational age and fetal weight, could
enhance prenatal assessment and improve outcomes by
facilitating early intervention when abnormalities are
detected.

Moreover, our findings support the use of ultrasound as
a reliable tool for monitoring fetal development,
particularly in assessing renal growth. Previous
research has established the efficacy of ultrasound in
evaluating fetal anatomy and identifying potential
complications.®?4 The established correlations in our
study provide a solid foundation for clinicians to utilize
ultrasound measurements of renal volume as part of
routine prenatal assessments.

Conclusion:

This study demonstrates a strong correlation between
fetal renal volume, gestational age, and fetal weight
during the third trimester, confirming renal volume as a
reliable marker of fetal maturity. The findings indicate
significant variability in fetal growth patterns, yet renal
volume exhibited consistent growth trends, reinforcing
its utility in assessing fetal development. With over
90% of the variance in renal volume explained by
gestational age and fetal weight, the research highlights
that each week of gestation contributes 0.579 cm3 to
kidney volume, while each gram of fetal weight adds
0.003 cmd. These results validate renal volume as a
critical biomarker for fetal health, suggesting its
integration into routine third-trimester ultrasound
protocols to improve maternal-fetal outcomes. Future
research should refine growth curves and investigate
the long-term health implications of renal biometry.
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