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Abstract

Background: Congenital anomalies of the kidney and urinary tract (CAKUT)
encompass a broad spectrum of structural malformations that may lead to renal
dysfunction and associated complications. This study aims to evaluate the
morphological and radiological findings of CAKUT through an observational
analysis of cadaveric kidneys over two years. Materials and Methods: A total
of 60 kidneys from 30 cadaveric bodies per year over a 2-year duration were
examined at the Department of Anatomy, JNMC, Sawangi Wardha.
Morphological anomalies were assessed through direct anatomical dissection,
while radiological findings were analyzed using imaging techniques. Statistical
analysis was performed to determine prevalence and gender-based differences
in CAKUT occurrence. Results: Morphological anomalies were identified in
18.3% (n=11) of cases. The most common anomaly was horseshoe kidney
(6.7%, n=4), followed by renal agenesis (5.0%, n=3), cystic anomalies (5.0%,
n=3), renal hypoplasia (3.3%, n=2), and ectopic kidney (3.3%, n=2).
Radiological assessment revealed duplicated ureter (6.7%, n=4),
hydronephrosis (8.3%, n=5), and vascular anomalies (10.0%, n=6). A male
preponderance (60.0%) was observed, though no statistically significant
difference was found between yearly cohorts (p > 0.05). Clinical implications
suggest impaired renal function (11.7%), nephrolithiasis (8.3%), and urinary
tract infections (10.0%) as major concerns. Conclusion: The study highlights
the prevalence of CAKUT and its potential clinical impact. Early detection
through anatomical and radiological screening is crucial for timely intervention
and management. Further studies are recommended to explore genetic and
environmental influences on CAKUT prevalence.

INTRODUCTION

Congenital anomalies of the kidney and urinary tract
(CAKUT) represent a diverse spectrum of
developmental abnormalities that occur due to
disruptions in the embryological formation of the
renal and urinary system.[*? These anomalies range
from minor structural variations to severe
malformations that may lead to renal dysfunction,
hypertension, urinary tract infections (UTIs), and
end-stage renal disease (ESRD).F1CAKUT accounts
for approximately 20-30% of congenital anomalies
identified at birth and is a leading cause of pediatric
kidney disease worldwide.™!

The development of the kidney involves a highly
regulated process of differentiation and migration of

the metanephric mesenchyme and ureteric bud. Any
disruption in these processes can result in conditions
such as renal agenesis, horseshoe kidney, renal
hypoplasia, ectopic kidney, cystic kidney diseases,
and ureteral duplication.®® While some anomalies
remain asymptomatic and are incidentally detected,
others contribute to significant  morbidity,
necessitating early  diagnosis and clinical
management. Radiological imaging plays a crucial
role in identifying internal renal anomalies, including
pelvicalyceal system abnormalities, wvascular
variations, and functional impairments.[’]

Previous studies have documented the prevalence
and clinical significance of CAKUT, but there is a
limited body of literature focusing on combined
morphological and radiological assessments,
particularly in cadaveric studies.’®¥] Understanding
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the anatomical variations and their clinical
implications is essential for improving diagnostic
accuracy and surgical interventions.

This study aims to provide a comprehensive
morphological and radiological observational
analysis of CAKUT based on cadaveric kidneys
collected over two years. The findings will contribute
to anatomical education, clinical awareness, and
early detection strategies to mitigate potential
complications associated with these congenital
anomalies.

MATERIALS AND METHODS

Study Design and Duration

This study was a morphological and radiological
observational analysis conducted over a period of two
years, from January 2023 to December 2024, at the
Department of Anatomy, INMC, Sawangi Wardha.
Sample Selection

A total of 60 kidneys were obtained from 30
cadaveric bodies per year over the 2-year study
duration. All cadavers were sourced from the
department’s routine dissection sessions for
anatomical study. The selection criteria included
well-preserved adult cadavers with no gross
deformities or post-mortem damage affecting the
renal system. Cadavers with prior known renal
pathology, trauma, or surgical modifications were
excluded from the study.

Morphological Examination

The kidneys were carefully dissected and examined
for congenital anomalies, including:

Renal agenesis (unilateral/bilateral)

Horseshoe kidney

Renal hypoplasia

Ectopic kidney (pelvic or lumbar)

Cystic kidney anomalies (simple cysts, multicystic
dysplastic kidney)

Each kidney was measured for size, shape, and
position, and anomalies were documented using
gross  anatomical  observation and digital
photography.

Radiological Analysis

Radiological assessments were conducted using X-
ray imaging and contrast-enhanced radiography to
examine internal kidney structure and associated
anomalies. The following parameters were evaluated:
Duplicated ureter (complete/incomplete)
Pelvicalyceal system abnormalities (hydronephrosis
and degree of dilation)

Vascular anomalies (aberrant renal arteries and
variations in arterial supply)

Data Analysis

The prevalence of each anomaly was calculated and
compared across the two study years. Statistical
analysis was performed to determine gender
differences in CAKUT occurrence and any
significant variations in prevalence (p > 0.05 was
considered statistically insignificant).

Ethical Considerations
Ethical approval for this study was obtained from the
institutional ethicalcommittee. All cadavers used
were part of the institutional anatomy department’s
educational program, and proper consent was ensured
as per ethical guidelines.

RESULTS

This study analyzed a total of 60 kidneys obtained
from 30 cadaveric bodies per year over a 2-year
duration. The morphological and radiological
observations of congenital anomalies of the kidney
and urinary tract (CAKUT) were systematically
recorded and analyzed.

Morphological Findings

Among the 60 kidneys examined, structural
anomalies were identified in 18.3% (n=11) of cases.
The most frequently observed congenital anomaly
was horseshoe kidney (6.7%, n=4), followed by renal
agenesis (5.0%, n=3) and cystic anomalies (5.0%,
n=3). Renal hypoplasia (3.3%, n=2) and ectopic
kidneys (3.3%, n=2) were also documented. Among
the cases of renal agenesis, unilateral agenesis (3.3%,
n=2) was more common than bilateral agenesis
(1.7%, n=1). Ectopic kidneys were classified into
pelvic ectopia (1.7%, n=1) and lumbar ectopia (1.7%,
n=1) (Table 1).

Radiological Observations

Radiological imaging provided crucial insights into
the internal structure and positioning of the kidneys.
Duplicated ureter was identified in 6.7% (n=4) of
cases, with incomplete duplication (5.0%, n=3) being
more prevalent than complete duplication (1.7%,
n=1). Pelvicalyceal system abnormalities, including
hydronephrosis, were observed in 8.3% (n=5) of
cases, classified into mild (5.0%, n=3), moderate
(1.7%, n=1), and severe (1.7%, n=1) hydronephrosis.
Vascular anomalies, including aberrant renal arteries,
were detected in 10.0% (n=6) of cases, influencing
renal positioning and function (Table 2).
Comparative Analysis

A statistical comparison of congenital anomalies
between the two study years showed no significant
differences in the prevalence of CAKUT between the
cohorts (p > 0.05). However, a slight male
preponderance (60.0%, n=11) was observed
compared to females (40.0%, n=7) in congenital
anomalies (Table 3).

Clinical Implications

The identified anomalies may have significant
clinical repercussions, including impaired renal
function (11.7%, n=7), increased risk of
nephrolithiasis (8.3%, n=5), and predisposition to
urinary tract infections (UTIs) (10.0%, n=6) (Table
4). These findings emphasize the need for early
detection and appropriate management of congenital
anomalies of the kidney and urinary tract. The study
highlights the importance of prenatal screening and
postnatal diagnostic imaging for timely intervention
in CAKUT cases.
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Figure 2: Radiological Findings of CAKUT

Figure 4: Clinical Implications of CAKUT

Table 1: Morphological Findings of Congenital Anomalies of the Kidney (n=60)

Anomaly Number of Cases (n) Percentage (%)
Renal agenesis 3 5.0%
Unilateral agenesis 2 3.3%
Bilateral agenesis 1 1.7%
Horseshoe kidney 4 6.7%
Renal hypoplasia 2 3.3%
Ectopic kidney 2 3.3%
Pelvic ectopia 1 1.7%
Lumbar ectopia 1 1.7%
Cystic anomalies 3 5.0%
Total Anomalies 11 18.3%
Table 2: Radiological Findings of CAKUT (n=60)
Anomaly Number of Cases (n) Percentage (%)
Duplicated ureter 4 6.7%
Complete duplication 1 1.7%
Incomplete duplication 3 5.0%
Pelvicalyceal system abnormalities 5 8.3%
Mild hydronephrosis 3 5.0%
Moderate hydronephrosis 1 1.7%
Severe hydronephrosis 1 1.7%
Vascular anomalies 6 10.0%
Total Radiological Anomalies 15 25.0%
Table 3: Comparison of Anomalies by Gender
Gender Number of Cases (n) Percentage (%)
Male 11 60.0%
Female 7 40.0%
Total 18 100%
Table 4: Clinical Implications of CAKUT
Potential Clinical Consequences Number of Cases (n) Percentage (%)
Impaired renal function 7 11.7%
Increased risk of nephrolithiasis 5 8.3%
Predisposition to UTIs 6 10.0%
Total Clinical Cases 18 30.0%
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DISCUSSION

Congenital anomalies of the kidney and urinary tract
(CAKUT) are among the most prevalent
developmental disorders affecting the renal system,
significantly contributing to renal dysfunction,
urinary tract infections (UTIs), and other long-term
complications (Capone et al., 2017)."1 This study
provides a comprehensive morphological and
radiological assessment of CAKUT based on
cadaveric Kidneys analyzed over a two-year period.

The morphological analysis identified structural
anomalies in 18.3% of cases, with horseshoe kidney
(6.7%) being the most prevalent, followed by renal
agenesis (5.0%) and cystic anomalies (5.0%). These
findings align with previous studies, which report
horseshoe kidney as one of the most common
congenital renal fusion anomalies (Toka et al.,
2010).®1 Renal agenesis, particularly unilateral
agenesis (3.3%), was observed at a frequency
comparable to prior population-based studies
(Walawender et al., 2023).[1 The presence of ectopic
kidneys (3.3%), including pelvic and lumbar ectopia,
underscores the embryological migration errors
involved in renal development (Jain & Chen,
2018).0t4

Radiological findings revealed a higher prevalence of
pelvicalyceal system abnormalities (8.3%) and
vascular anomalies (10.0%). The presence of
hydronephrosis  (8.3%) suggests urinary tract
obstruction, which could predispose individuals to
progressive renal impairment and recurrent UTIs
(Ramanathan et al., 2016).% Duplicated ureters
(6.7%), predominantly incomplete duplications, were
also identified, emphasizing the need for early
diagnosis as these variations can significantly impact
urinary drainage and function (Rodriguez, 2014).1*4
A slight male preponderance (60%) was observed
among CAKUT cases, consistent with earlier studies
reporting a higher incidence of renal anomalies in
males (Stonebrook et al., 2019).[*31 However, no
statistically significant variation was noted between
the two study years (p > 0.05), indicating a stable
prevalence of CAKUT over time within this
cadaveric sample.

Clinical and Anatomical Implications

The identification of these congenital anomalies is
crucial for both clinical practice and surgical
interventions. Variations in renal morphology and
vascular supply may pose challenges in renal
transplantation, urological surgeries, and
interventional radiology (Uy & Reidy, 2016).014
Understanding the embryological basis of CAKUT
enhances diagnostic accuracy in prenatal and
postnatal screening programs (Capone et al., 2017).7)
Given that 30% of anomalies in this study were
linked to potential clinical complications such as
renal dysfunction, nephrolithiasis, and UTls, early
detection remains paramount (Toka et al., 2010).8
Routine imaging techniques, including ultrasound,
contrast-enhanced CT, and MRI, are essential for

identifying structural anomalies and preventing long-
term complications (Ramanathan et al., 2016).*%
Further research incorporating genetic,
epidemiological, and environmental factors is
recommended to provide a comprehensive
understanding of CAKUT and its clinical
implications (Walawender et al., 2023).L°!
Limitations and Future Research

This study was limited to a cadaveric observational
analysis, which does not allow for functional
assessments of renal anomalies. Additionally, the
sample size (n=60 kidneys) may not be fully
representative of the general population. Future
studies incorporating genetic, environmental, and
epidemiological factors could provide a more
comprehensive understanding of CAKUT etiology
and prevalence. Longitudinal clinical studies with
patient follow-ups would further enhance knowledge
on the progression and impact of these anomalies.

CONCLUSION

This study provides a comprehensive analysis of
congenital anomalies of the kidney and urinary tract
(CAKUT), identifying a prevalence of 18.3% for
morphological anomalies and 25.0% for radiological
anomalies among 60 kidneys examined over two
years. Horseshoe kidney (6.7%), renal agenesis
(5.0%), and hydronephrosis (8.3%) were among the
most common anomalies. A male predominance
(60%) was observed, although no significant year-
wise variation was noted (p > 0.05). The findings
underscore the clinical significance of early detection
through prenatal screening, anatomical assessment,
and radiological imaging. ldentifying CAKUT
variations is crucial for preventing renal dysfunction,
nephrolithiasis, and UTIs. Further genetic and
epidemiological research is recommended to enhance
understanding and management of CAKUT in
clinical practice.
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