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Abstract

Background: Congenital anomalies of the kidney and urinary tract (CAKUT) represent a diverse
group of conditions, ranging from mild findings to serious disorders with significant health
implications. These anomalies arise when the normal development of the kidneys or urinary tract is
interrupted —affecting the renal collecting system, the kidney tissue itself, or the migration of the
kidneys to their usual position. Prenatal ultrasonography has become an essential tool for detecting
these anomalies before birth, offering valuable time for planning care and support. Objective: To
describe the prenatal ultrasound characteristics of fetal renal malformations and evaluate how often
these findings are confirmed after birth. Methods: We conducted a descriptive study at Hospital de
Gineco-Pediatria No. 7 in Cancin, Quintana Roo, between 2022 and 2024. We reviewed prenatal
ultrasound reports and clinical records to collect information on maternal demographics, clinical
history, risk factors, and ultrasound findings. Only cases in which CAKUT was confirmed after birth
were included. This was an observational study with no risk to participants. Results: We identified
15 fetuses with confirmed CAKUT, totaling 16 malformations because one newborn had two separate
anomalies. Slightly more than half (58.8%) of the affected fetuses were male, and the median
gestational age at birth was 38 weeks. Mothers had a mean age of 32.46 years. After delivery, 68.8%
of the newborns were male, with an average birth weight of 3,039.2 g (+ 601.08). Anomalies of the
renal collecting system were most common (63.0%, n=10). Among these, congenital hydronephrosis
was the leading diagnosis, seen in 4 cases (25.2%). Renal ectasia, considered a parenchymal anomaly,
was also found in 4 cases (5.2%). Conclusion: Prenatal ultrasound is a highly valuable tool for
identifying fetal kidney and urinary tract anomalies before birth—especially those involving the
collecting system. Our findings reinforce the known association between male sex and CAKUT and
emphasize the critical role of routine prenatal screening. Early detection not only aids in confirming
the diagnosis after birth but also enables the development of structured, individualized care plans
for newborns, improving their chances for a healthier future.

Keywords: congenital abnormalities; kidney diseases; urinary tract; prenatal diagnosis;
ultrasonography; fetus

1. Introduction

Congenital anomalies of the kidney and urinary tract (CAKUT) comprise a heterogeneous
spectrum of malformations and are among the most frequently detected anomalies during
pregnancy —accounting for approximately 20-30% of all prenatal diagnoses [1]. They occur in an
estimated 3-7 per 1,000 live births and are responsible for 40-50% of pediatric nephropathies. These
conditions arise from disruptions in the normal embryonic development of the renal system.

CAKUT includes a wide variety of anatomical defects, each with differing severity and clinical
implications [2]. Early prenatal suspicion and diagnosis are critical, as they allow clinicians to prepare
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individualized postnatal management plans that take into account the fetus or newborn’s condition
and the balance between risks and benefits of potential interventions. This tailored approach can
improve long-term outcomes and reduce complications.

A clear and comprehensive classification of CAKUT is essential to guide both research and
clinical care. Malformations may result from defects in renal parenchymal development,
abnormalities in embryonic migration or fusion, and anomalies of the collecting system, bladder, or
ureters [3]. While no single diagnostic tool can identify every type of renal malformation and its
sequelae, prenatal ultrasonography —especially from the second trimester onward —remains the
cornerstone of early detection. Prompt identification enables the appropriate use of complementary
tests, such as Doppler ultrasonography, voiding cystourethrography, or fetal MRI, and facilitates the
design of individualized postnatal follow-up protocols, which may include repeated imaging,
prophylactic antibiotics, or surgical intervention [4].

The risk profile for CAKUT is influenced by maternal, genetic, and environmental factors [5].
These include maternal comorbidities, family history of renal or other congenital anomalies,
advanced maternal age, environmental toxin exposure, certain medications, genitourinary infections,
and chronic conditions such as pregestational or gestational diabetes [6]. Such factors highlight the
importance of comprehensive prenatal screening strategies.

Early identification of CAKUT not only allows clinicians to anticipate potential complications at
birth or during infancy, but also enables timely planning for specialized neonatal care. Structured
postnatal management—including optimal imaging schedules, tailored monitoring, and timely
interventions —can significantly improve patient outcomes [7,8].

Objective

The aim of this study was to describe prenatal ultrasound findings in fetal renal malformations
and to evaluate their correlation with postnatal confirmation [9]. We also sought to assess the
diagnostic value of prenatal ultrasonography and to emphasize its role in optimizing neonatal care
and long-term health outcomes for patients with CAKUT [10,11]. The results are particularly relevant
to healthcare systems in Mexico and other regions with similar infrastructure and resource
limitations, as they demonstrate the feasibility and effectiveness of routine prenatal ultrasound in
such settings.

2. Materials and Methods
Study Design and Population

This case series was conducted between January 2022 and December 2024 at the Hospital de
Gineco-Pediatria No. 7, in Cancun, Quintana Roo, Mexico. Eligible participants were neonates with
prenatal suspicion of renal or urinary tract anomalies detected on fetal ultrasound and postnatally
confirmed through renal imaging and evaluation by pediatric nephrology or urology teams.

Inclusion and Exclusion Criteria

Inclusion Criteria:

e  Neonates born at the study hospital during the study period.
e Documented prenatal ultrasound diagnosis of CAKUT.
e  Complete clinical records, including postnatal imaging and follow-up.

Exclusion Criteria:

e  Births outside the study hospital.

e  Absence of prenatal CAKUT diagnosis.
e  Lack of postnatal confirmatory imaging.
e  Missing follow-up data.
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From the initial 26 neonates identified with renal malformations during the study period, 21 had
complete medical records. After applying the inclusion and exclusion criteria, three patients without
a documented prenatal diagnosis and three lacking postnatal follow-up at the study center were
excluded. This left a final study cohort of 15 patients for analysis (Figure 1).

26 patients identify during the
period
5 whitout clinical history —1— 3 eliminated incompleted

3 excluded

15 patients identify with clinical xpedient

— Renal parenchymal anomalies
— Renal fusio nanomalies
— REnal collecting system anomalies

Figure 1. Flow Diagram.

Study flow diagram illustrating excluded and eliminated patients due to missing medical
records, and the composition of the different groups of renal malformations.

Main Variables and Data Collection

The primary dependent variable was the presence of renal malformations, classified into six
diagnostic categories:

Renal parenchymal anomalies.
Abnormalities of embryonic migration.
Renal fusion anomalies.

Collecting system anomalies.

Bladder malformations.

Urethral malformations.

AR

The main independent variable was the prenatal suspicion of any of these anomalies based on
ultrasonographic findings, recorded dichotomously as present or absent.

Additional maternal variables included age, obesity, and preexisting or gestational diabetes.
Fetal variables included sex, gestational age at birth, and amniotic fluid characteristics.

Data were collected through a comprehensive review of both paper-based and electronic
medical records, including admission notes, imaging reports, and specialist evaluations. All extracted
information was entered into a Microsoft Excel® database, with variables recoded for statistical
processing. Data analysis was performed using IBM SPSS Statistics®.

To ensure accuracy, a rigorous data quality process was implemented, involving cross-
verification of entries to identify and correct potential transcription or interpretation errors. All

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1380.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 August 2025 d0i:10.20944/preprints202508.1380.v1

4 of 10

records were anonymized to protect patient confidentiality, and ethical standards were upheld
throughout the study. Descriptive statistical methods were applied for analysis.

Ethical Considerations

This study was reviewed and approved by the Research Ethics Committee and the Health
Research Committee of the Federal Commission for the Protection against Sanitary Risk (COFEPRIS)
under registration number R-2025-2301-007. All procedures adhered to the ethical principles set forth
in the 75th World Medical Assembly (Helsinki, Finland, October 2024) and complied with the
standards of the Reglamento de la Ley General de Salud en Materia de Investigacién en Salud, Title
II, Chapter I, Articles 16 and 17, Section I (research without risk).

No clinical interventions or modifications to patient management were made, and there was no
direct interaction with study participants.

Ultrasound Protocol and Diagnostic Criteria

Prenatal ultrasound examinations followed standardized protocols outlined by the International
Society of Ultrasound in Obstetrics and Gynecology (ISUOG) guidelines. Each patient underwent at
least two scans —between 17-20 weeks and 30-32 weeks of gestation —to optimize anomaly detection.

The Fetal Renal System Was Systematically Assessed for:

e  Size and echogenicity.

e  Pelvic dilation.

e  Presence of cystic structures.
e  Associated anomalies.

Diagnostic Criteria Included:

e Renal pelvis dilation >4 mm in the second trimester or >7 mm in the third trimester.
e  Detection of cystic formations.
e  Non-visualization or hypoplasia of renal structures consistent with agenesis or dysplasia.

3. Results

A retrospective review identified 26 patients with prenatal suspicion of renal malformations
between January 2022 and December 2024. Complete medical records were available for 21 cases
(80.76%).

Following application of the data collection protocol, three patients without documented
prenatal diagnosis and three lacking postnatal follow-up at the study center were excluded. The final
study cohort comprised 15 neonates with renal malformations suspected prenatally and confirmed
postnatally.

The demographic and clinical characteristics of these patients are summarized in Table 1.

Table 1. Descriptive Characteristics of the Study Population (n = 15).

Variable Mean Standard Deviation (SD) 95% Confidence Interval (CI)
Maternal age (years) 3246  6.58 28.81 -36.11

Birth weight (g) 3,039.2 601.08 2,706.33 — 3,372.06

Birth length (cm) 49.63 3.10 47.91 -51.35

Sex

* Male 10 — 68.8%

* Female 5 — 31.3%

Note: SD = standard deviation; CI = confidence interval.
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Among maternal risk factors, age is considered high-risk when below 16 or above 35 years. In
our cohort of 15 cases, no mother was younger than 16 years; six mothers (40%) were over 35 years
of age, while the remaining nine (60%) were between 20 and 34 years. Chronic diabetes and
gestational diabetes were also assessed, but no cases were identified in this population. Regarding
nutritional status, six mothers (40%) had grade I obesity and two (13%) had grade II obesity (see Table

2).
Table 2. Maternal Risk Factors (n = 15).
Maternal Risk Factor Subcategory n %
Maternal age 20-34 years (normal) 9  60.0%
>35 years 6  40.0%
Preexisting diabetes Absent 15 100%
Gestational diabetes Absent 15 100%
Maternal obesity Normal weight 7 46.7%
Grade I obesity 6  40.0%
Grade II obesity 2 13.3%

Footnote: Maternal age >35 years was classified as advanced maternal age, considered a potential obstetric risk factor.
Obesity was categorized according to WHO BMI classification: Grade I (BMI 30-34.9 kg/m?), Grade II (BMI 35-39.9

kg/m?). No cases of pregestational or gestational diabetes were reported in this cohort.

To meet the inclusion criteria, patients with a prenatal ultrasound diagnosis of renal
malformations were identified. Most cases were detected after 24 weeks of gestational age. Amniotic
fluid volume was reported as normal in 73.3% of cases (n = 11), while 26.7% (n = 4) presented with
oligohydramnios (see Table 3).

Table 3. Fetal Risk Factors.

Factor Percentage (%)
Confirmatory Ultrasound 100

Prenatal Control Ultrasound 100
Gestational Age: Term 75

Gestational Age: Preterm 25

Amniotic Fluid: Oligohydramnios 25

Amniotic Fluid: Normal 75

The group of renal anomalies most frequently diagnosed were anomalies of the renal collecting
system, with 10 cases, followed by renal fusion anomalies, with 1 case. Among the renal
malformations most commonly identified were hydronephrosis and renal ectasia, each with a total
of 4 cases. Less frequently observed were two pathologies: renal dysplasia and horseshoe kidneys,
with 1 case each.

The study identified 7 possible types of renal malformations: 4 cases (25.2%) of hydronephrosis,
4 cases (25.2%) of renal ectasia, 2 cases (12.6%) of renal agenesis, 2 cases (12.6%) of polycystic kidney
disease, 2 cases (12.6%) of duplicated collecting system, and the remaining 12.6% comprised renal
dysplasia and horseshoe kidneys, with 1 case each (6.3% each). (Table 4)

Table 4. Distribution of fetal renal malformations identified by prenatal ultrasound.

Malformation Type Subcategory n %

Renal parenchymal anomalies 4 315
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Left renal agenesis 1 63
Right renal agenesis 1 63
Multicystic renal dysplasia 1 63
Polycystic kidney disease 2 126
Embryonic migration anomalies 0 00
Renal fusion anomalies Horseshoe kidney 1 63
Renal collecting system anomalies 10 63
Left duplicated collecting system 2 126
Renal ectasia 4 252
— Unilateral (right) 1 63
— Unilateral (left) 1 63
— Bilateral 1 63
— Not specified 1 63
Congenital hydronephrosis 4 252
— Bilateral 1 63
— Right side 2 126
— Left side 1 63

Footnote. Collecting system anomalies were the most frequent, followed by parenchymal and fusion anomalies.

No migration anomalies were observed in this sample.

All mothers of patients diagnosed with CAKUT had adequate prenatal care, which allowed for
timely identification of the anomalies. Patients with confirmed renal malformations are currently
under follow-up and management by both pediatrics and pediatric surgery, according to their
individual needs.

4. Discussion

Prenatal ultrasound is a fundamental, non-invasive diagnostic tool for identifying congenital
urinary tract anomalies. It offers multiple advantages, including early anomaly detection, timely
planning of medical interventions, specialized pregnancy monitoring, and informed postnatal
management decisions. Numerous studies have shown that prenatal diagnosis improves neonatal
outcomes, reduces morbidity, and supports better long-term prognoses. These findings underscore
the importance of comprehensive prenatal care and routine ultrasound screening for optimal fetal
development monitoring.

In this study, 15 cases of prenatally diagnosed renal anomalies were analyzed. Hydronephrosis
and renal ectasia were the most prevalent findings, each accounting for 25.2% of cases. These results
are consistent with international literature, which reports that approximately half of all prenatal renal
anomalies correspond to fetal hydronephrosis. Similarly, a Mexican study identified hydronephrosis
as the most commonly detected anomaly on prenatal ultrasound, highlighting the value of advanced
prenatal imaging. Early detection has a significant impact on postnatal management; for example,
one study reported that 60% of prenatally diagnosed cases required prolonged hospitalization, and
27% necessitated surgical intervention, emphasizing the need for careful prenatal and postnatal
monitoring.

Prenatal ultrasound is critical for detecting complex congenital renal malformations, including
bilateral renal agenesis, multicystic dysplastic kidney (MCDK), and associated syndromes that often
present with complex phenotypes. Accurate prenatal imaging allows timely interventions and
informed parental counseling regarding prognosis and potential risks. Large population studies have
demonstrated a high prevalence of renal anomalies identified via routine prenatal ultrasound. For
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example, among 709,030 births, 1,130 cases of prenatal renal malformations were detected, with an
81.8% detection rate and pregnancy termination occurring in 29% of affected cases. Additionally, 55—
60% of fetuses presenting with hyperechoic kidneys have identifiable genetic conditions,
underscoring the importance of integrating genetic counseling and testing into clinical practice.

The intersection of prenatal imaging and renal anomaly diagnosis highlights the critical role of
early detection in maternal-fetal medicine. Advances in prenatal imaging continue to enhance the
identification and understanding of congenital anomalies, improve genetic counseling, and support
parental decision-making. Comprehensive care for fetuses with renal malformations requires the
integration of imaging, genetic investigations, and multidisciplinary management to optimize
outcomes.

Congenital anomalies of the kidney and urinary tract (CAKUT) remain a leading cause of
neonatal morbidity and mortality and are frequently associated with non-renal congenital disorders
in up to 30% of cases. CAKUT is also a primary contributor to pediatric chronic kidney disease (CKD),
particularly in severe malformations. Early diagnosis is therefore crucial. Fetal ultrasound is
considered the primary diagnostic modality, with at least two scans recommended at 17-20 and 30-
32 weeks of gestation to detect both overt and subtle anomalies. While ultrasound is safe, non-
invasive, and widely accessible, its limitations in detecting certain pathologies highlight the
complementary role of fetal magnetic resonance imaging (MRI), especially for complex morphologic
anomalies or suspected chromosomal disorders.

Renal pelvis dilatation is a common prenatal finding and may indicate obstructive uropathy;
however, most cases are mild and do not require aggressive intervention. More complex diagnostic
scenarios, such as hyperechogenic or cystic kidneys, require careful assessment of family history and
amniotic fluid volume. Accurate evaluation often necessitates a multidisciplinary approach,
involving fetal medicine specialists, neonatologists, and genetic counselors, particularly in syndromic
cases. Early surgical intervention is planned according to clinical severity and associated
complications. This collaborative approach, combined with advanced imaging, optimizes outcomes
for infants with CAKUT.

This study’s main limitation is its small sample size, which may affect the generalizability of
results. Additionally, certain maternal and fetal risk factor data were unavailable, limiting the
analysis of their influence on fetal renal malformations. Importantly, there are no prior studies in
Quintana Roo, Mexico, specifically addressing prenatal ultrasound detection of renal anomalies,
making these findings particularly valuable for regional epidemiology.

Prenatal ultrasound examinations followed ISUOG guidelines, including at least two scans
between 17-20 and 30-32 weeks of gestation. The fetal renal system was systematically evaluated for
size, echogenicity, pelvic dilation, and associated abnormalities. Diagnostic criteria included renal
pelvis dilatation greater than 4 mm in the second trimester or 7 mm in the third trimester, presence
of cystic structures, and absent or hypoplastic kidneys consistent with agenesis or dysplasia. All
confirmed cases were referred for multidisciplinary postnatal follow-up, including pediatric
nephrology and surgery teams, with imaging confirmation and renal function assessment.

The findings of this study are representative of conditions in many public hospitals in Mexico
and other low- and middle-income countries, where resource availability and clinical workflows are
similar. The successful implementation of routine prenatal ultrasound for CAKUT detection
demonstrates the feasibility and effectiveness of such programs in resource-constrained settings.
These results support expanding access to ultrasound services, training qualified personnel, and
integrating prenatal imaging into national maternal health guidelines to ensure early diagnosis and
improve outcomes.

5. Conclusions

Prenatal ultrasound is a highly effective, non-invasive tool for the early detection of fetal renal
malformations, enabling timely postnatal management and multidisciplinary care. This study
reinforces findings from prior Mexican and international research, highlighting hydronephrosis and
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renal ectasia as the most prevalent anomalies and identifying male sex as a notable risk factor for
CAKUT.

Advances in imaging, combined with structured prenatal care and postnatal follow-up,
significantly improve the prognosis for infants with renal anomalies. Multidisciplinary collaboration
and regional implementation of prenatal screening protocols are essential for optimizing outcomes.
Future studies with larger prospective cohorts are needed to further elucidate risk factors, improve
early detection, and guide interventions. This research provides a foundation for enhancing prenatal
diagnostic capabilities, shaping healthcare policies, and improving neonatal outcomes in Mexico and
comparable global contexts.
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