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Renal Tubular Dysgenesis: Broadening the
Discussion of the Etiological Spectrum
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Renal tubular dysgenesis (RTD) is a rare disorder characterized by impaired development of the renal
tubules. It is often a fatal condition that should be considered in the differential diagnosis of neonatal
kidney failure. RTD can be classified as primary (linked to deleterious variants in genes encoding renin-
angiotensin system (RAS) proteins) or secondary to an underlying cause. In this case report, we present a
late preterm female neonate born at 35 weeks by elective cesarean section due to oligohydramnios and fetal
growth restriction. At birth, she exhibited hypotonia and features consistent with Potter sequence and
developed persistent anuric kidney failure, fluid-responsive hypotension, and respiratory distress requiring
non-invasive ventilation. Kidney ultrasound revealed no significant abnormalities, leading to a presumptive
diagnosis of RTD, which was confirmed by histopathology. Karyotype analysis revealed 46,XX,dup(1)
(q24.1g25.1), which was further confirmed by whole exome sequencing. The chromosomal abnormality did
not involve RAS genes, and the remaining workup was unremarkable. Despite intensive medical
management, the patient died on day 20 of life. The aim of this case report was to raise awareness of this
severe kidney disorder, highlighting its atypical presentation, which lacked major cardiovascular
dysfunction, showed no identifiable classic etiology despite thorough investigation, and revealed a de novo
chromosomal abnormality. These findings suggest the involvement of alternative pathophysiologic
mechanisms in RTD.
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Introduction

Renal tubular dysgenesis (RTD) is a rare and often fatal disorder affecting the development of renal tubules,
which should be included in the differential diagnosis of neonatal kidney failure (KF) [1]. Its
pathophysiology is not yet completely understood, and consequently, therapeutic options remain limited.
We present an atypical case of RTD to raise awareness of this condition and to highlight the potential for
alternative etiologic mechanisms in its pathogenesis.

Case Presentation

A late preterm female was born to non-consanguineous, healthy parents. There was no family history of
kidney disease and no maternal history of drug exposure. The pregnancy was complicated by
oligohydramnios (amniotic fluid index = 2.4 cm) noted at 31 weeks of gestation and fetal growth restriction
(6.8th percentile) at 33 weeks, leading to maternal hospitalization from that point onward. Doppler
parameters of the uterine and middle cerebral arteries showed no abnormalities. No urinary tract or kidney
malformations were observed on fetal ultrasound. After antenatal corticosteroid therapy for lung
maturation, an elective cesarean section was performed at 35 weeks. Apgar scores were 9 at the 1st and 5th
minutes, and the newborn’s anthropometry was appropriate for gestational age (weight = 2190 g, 26th
percentile). She presented with hypotonia and features consistent with the Potter sequence, including low-
set abnormal ears, a flattened nose, arthrogryposis, and clubfeet.

Right after birth, the patient developed respiratory distress and required continuous positive airway pressure
ventilation (maximum inspired oxygen fraction of 0.4, positive end-expiratory pressure 5 cmH20),
complicated by a right-sided pneumothorax treated with needle thoracentesis. She presented with fluid-
responsive transient hypotension without evidence of structural cardiopathy on ultrasound examination.
Additionally, anuric KF (peak serum creatinine = 5.5 mg/dL, serum urea = 123 mg/dL) was observed,
accompanied by non-anion gap metabolic acidosis, hyperkalemia (maximum potassium level = 7.5 mmol/L),
and hyponatremia (minimum sodium level = 124 mmol/L). Kidney ultrasound showed normal-sized kidneys
with normal echogenicity.

Despite diuretic therapy, the patient experienced persistent KF with increasing signs of volume overload,
requiring peritoneal dialysis (PD) from day three. The PD was compromised by catheter leaks, and the
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patient’s condition was further complicated by peritonitis, anasarca, and coagulopathy with lower
gastrointestinal bleeding. Despite organ support and broad-spectrum antibiotics, her condition progressively
worsened, and she died on day 20.

Given the neonatal refractory anuric KF with structurally normal kidneys on ultrasound, a presumptive
diagnosis of RTD was made. Skull ossification defects on radiography further supported this suspicion. The
diagnosis was confirmed by kidney biopsy and autopsy findings showing a reduction in the number of
proximal tubules (Figure I). Classical cytogenetic analysis of peripheral blood leukocytes showed a
46,XX,dup(1)(q24.1g25.1) karyotype. The interstitial duplication of 9.3 Mb at the long arm of chromosome 1,
encompassing 109 genes, was confirmed by array-comparative genomic hybridization and whole exome
sequencing. This duplication had not been described before and did not contain RTD causal genes (ACE,
REN, AGT, and AGTR]I) or any deleterious variants. Parental karyotypes were normal, pointing toward de
novo occurrence. Antemortem levels of active renin (47 pg/mL) and ferritin (80 pg/L) were within normal
limits. Placental histopathology revealed a small area (1 cm) of ischemic necrosis.

FIGURE 1: Kidney autopsy findings: pathology and
immunohistochemical staining

Kidney showing the presence of glomeruli and only distal tubules (A, Hematoxylin-eosin staining, 200x). Proximal
tubules are not identified, as evidenced by the absence of a brush border on Periodic acid—Schiff (PAS) staining
(B, PAS, 200x) and by the lack of CD10 staining in the tubules (C, CD10, 200x). Immunohistochemical analysis
with epithelial membrane antigen (EMA) highlights the distal tubules (D, EMA, 200x).

Discussion

RTD is a rare and severe disorder characterized by the absence or poor differentiation of proximal tubules [1].
It is one of several conditions that can lead to neonatal KF. Although the differential diagnosis of neonatal

KF is broad, when associated with oligohydramnios, the list can be narrowed to include conditions such as
RTD, bilateral renal agenesis or hypo-/dysplasia, obstructive uropathy, and autosomal recessive polycystic
kidney disease [2]. The presence of additional signs, such as hypotension, respiratory insufficiency, and skull
ossification defects, combined with a normal kidney ultrasound, can guide the diagnosis toward RTD.
However, histological examination is required for a definitive diagnosis of this condition [1, 3].

Several etiologies of RTD have been described and can be classified as primary, linked to deleterious variants
in genes encoding renin-angiotensin system (RAS) proteins, or secondary (Table 7). Although its
pathophysiology is not fully understood, both groups are characterized by kidney hypoperfusion, suggesting
that this may be a key pathogenic mechanism in RTD [1, 3-5].
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Causes of RTD
Primary: monogenic renal tubular dysgenesis

Sporadic or familial autosomal recessive mutations in genes related to RAS: angiotensinogen AGT; 1942.2), renin (REN; 1932.1),
angiotensin-converting enzyme (ACE; 17923.3) and angiotensin Il receptor type 1 AGTR1; 3924)

Secondary renal tubular dysgenesis
Maternal exposure to NSAID or ACE inhibitors during pregnancy
Twin-to-twin transfusion syndrome
Major cardiac malformation
Severe fetal kidney artery stenosis
Congenital hemochromatosis

Ischemic necrosis of the placenta

TABLE 1: Causes of RTD

RTD; renal tubular dysgenesis, RAS; renin-angiotensin system, NSAID; non-steroidal anti-inflammatory drug.

In the majority of cases, RTD is fatal either in utero or shortly after birth due to refractory hypoxia caused by
lung hypoplasia, severe and refractory hypotension, and anuric KF. Beyond organ support measures,
treatment evidence is limited. Vasopressin and fludrocortisone may have a potential role [6]. In primary
forms of RTD, the disruption of the RAS can result in low levels of angiotensin II, a key regulator of blood
pressure. Angiotensin II increases renal sodium reabsorption at the proximal tubule, stimulates aldosterone
production in the adrenal cortex, and promotes vasopressin release from the posterior pituitary [7]. The
administration of vasopressin and fludrocortisone can, therefore, circumvent these deficiencies. Despite the
biological plausibility of these strategies, the available data remain largely empirical and show variable
outcomes.

In the present case, no definitive cause was identified. The chromosomal abnormality described did not
involve RAS genes, which is further supported by the absence of changes in renin activity and the lack of
major hemodynamic instability. Additionally, although an area of placental ischemia was documented, its
limited extent weakens the potential link between placental ischemic necrosis and RTD in our patient. The
identification of a de novo sizable chromosomal abnormality, along with an atypical clinical presentation
without major cardiovascular dysfunction, raises the possibility of an alternative secondary
pathophysiologic mechanism for RTD in this patient. This possibility has been previously suggested in the
literature [8], thus emphasizing the importance of case reporting.

Conclusions

This case underscores the importance of considering RTD in the presence of neonatal KF with normal
findings on kidney ultrasound. Furthermore, it highlights the need for a comprehensive investigation of
underlying conditions to provide accurate genetic counseling for future family planning.

Lastly, raising awareness of this rare disease is crucial for addressing unmet needs, such as the lack of early
prenatal diagnostic markers, which could empower families to make informed decisions. A multidisciplinary
approach involving neonatologists, nephrologists, geneticists, and obstetricians is key to improving
diagnosis, management, and family support.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Inés Paiva Ferreira, Elisa Proenga

Acquisition, analysis, or interpretation of data: Inés Paiva Ferreira, Caudia Falcao Reis, Ana Teixeira,
Paula Pires de Matos, Elisa Proenca

2025 Paiva Ferreira et al. Cureus 17(1): €77905. DOI 10.7759/cureus.77905 3of4


javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Drafting of the manuscript: Inés Paiva Ferreira

Critical review of the manuscript for important intellectual content: Inés Paiva Ferreira, Cdudia Falcao
Reis, Ana Teixeira, Paula Pires de Matos, Elisa Proenca

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Gubler MC: Renal tubular dysgenesis. Pediatr Nephrol. 2014, 29:51-9. 10.1007/s00467-013-2480-1

2. Loos S, Kemper MJ: Causes of renal oligohydramnios: impact on prenatal counseling and postnatal
outcome. Pediatr Nephrol. 2018, 33:541-5. 10.1007/s00467-017-3833-y

3. Lacoste M, Cai Y, Guicharnaud L, et al.: Renal tubular dysgenesis, a not uncommon autosomal recessive
disorder leading to oligohydramnios: role of the renin-angiotensin system. ] Am Soc Nephrol. 2006,
17:2253-63. 10.1681/ASN.2005121303

4.  Gribouval O, Moriniére V, Pawtowski A, et al.: Spectrum of mutations in the renin-angiotensin system
genes in autosomal recessive renal tubular dysgenesis. Hum Mutat. 2012, 33:316-26. 10.1002/humu.21661

5. Landing BH, Ang SM, Herta N, Larson EF, Turner M: Labeled lectin studies of renal tubular dysgenesis and
renal tubular atrophy of postnatal renal ischemia and end-stage kidney disease. Pediatr Pathol. 1994, 14:87-
99.10.3109/15513819409022029

6. Vincent KM, Alrajhi A, Lazier ], Bonin B, Lawrence S, Weiler G, Armour CM: Expanding the clinical spectrum
of autosomal-recessive renal tubular dysgenesis: two siblings with neonatal survival and review of the
literature. Mol Genet Genomic Med. 2022, 10:e1920. 10.1002/mgg3.1920

7. Lavoie JL, Sigmund CD: Minireview: overview of the renin-angiotensin system--an endocrine and paracrine
system. Endocrinology. 2003, 144:2179-83. 10.1210/en.2003-0150

8. Gubler MC, Antignac C: Renin-angiotensin system in kidney development: renal tubular dysgenesis . Kidney
Int. 2010, 77:400-6. 10.1038/ki.2009.423

2025 Paiva Ferreira et al. Cureus 17(1): €77905. DOI 10.7759/cureus.77905 4 0of 4


https://dx.doi.org/10.1007/s00467-013-2480-1
https://dx.doi.org/10.1007/s00467-013-2480-1
https://dx.doi.org/10.1007/s00467-017-3833-y
https://dx.doi.org/10.1007/s00467-017-3833-y
https://dx.doi.org/10.1681/ASN.2005121303
https://dx.doi.org/10.1681/ASN.2005121303
https://dx.doi.org/10.1002/humu.21661
https://dx.doi.org/10.1002/humu.21661
https://dx.doi.org/10.3109/15513819409022029
https://dx.doi.org/10.3109/15513819409022029
https://dx.doi.org/10.1002/mgg3.1920
https://dx.doi.org/10.1002/mgg3.1920
https://dx.doi.org/10.1210/en.2003-0150
https://dx.doi.org/10.1210/en.2003-0150
https://dx.doi.org/10.1038/ki.2009.423
https://dx.doi.org/10.1038/ki.2009.423

	Renal Tubular Dysgenesis: Broadening the Discussion of the Etiological Spectrum
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Kidney autopsy findings: pathology and immunohistochemical staining

	Discussion
	TABLE 1: Causes of RTD

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


