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ARAC 

Renal tubular dysgenesis (RTD) is a rare, lethal, autosomal recessive disorder 
characterized by non-differentiation of the renal proximal convoluted tubules, 
resulting in oligohydramnios. It is usually diagnosed in the second trimester 
of pregnancy, following the oligohydramnios sequence, pulmonary hypoplasia 
and hypocalvaria. The prognosis is poor, and death usually occurs in utero or 
within the ¿rst few days of life. The pathogenesis of RTD is associated with 
the perinatal use of drugs, such as angiotensin- converting enzyme inhibitors, 
angiotensin II receptor antagonists, and anti- inÀammatory drugs, as well 
as with fetal transfusion syndrome, genetic mutations in the pathway of the 
renin-angiotensin system pathway, cocaine snorting, or other pathological 
mechanisms that reduce renal blood Àow. Here, we report the autopsy of 
a neonate born to consanguineous parents at 38 weeks of gestation, with 
RTD, decreased amniotic Àuid, oligohydramnios sequence, hypocalvaria, 
pulmonary hypoplasia, and ileocecal valve agenesis. To our knowledge, the 
latter has never been reported associated with RTD. 

eyords Urogenital abnormalities; Craniofacial abnormalities; Ileocecal valve; Autopsy; 
Oligohydramnios.

CCA CA 

We report the case of a 20-year-old woman 
who was pregnant for the second time and who had 
previously had a vaginal delivery. She reported no 
alcohol consumption, smoking, illegal drug use, or 
use of medications other than those that are typically 
used during pregnancy. Prenatal serology was 
negative for HIV, syphilis, hepatitis B, and hepatitis 
C, as well as revealing immunity to toxoplasmosis 
and rubella. 

She gave birth to a male infant (gestational 
age, 38 weeks) via an assisted vaginal delivery 
for breech presentation. The infant presented with 
apnea and hypotonia at birth. The one-minute, 
¿ve-minute, and ten-minute Apgar scores were 1, 
4, and 4, respectively. Birth weight was 2,120 g. 
After neonatal resuscitation, the infant started on 
mechanical ventilation and vasoactive drugs and 
was referred to the intensive care unit, having 

http://dx.doi.org/10.4322/acr.2012.031
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were thick and greenish. The contents of the colonic 
lumen were mucous and whitish. There were diffuse 
adhesions in the abdominal cavity. In addition, the 
abdominal organs had a greenish, ¿nely granular 
outer surface. We found no intestinal perforation. 
The lungs were hypoplastic and, together, weighed 
20 g (normal lung weight for the gestational age, 
40.6 ± 17.1 g), and the lung weight to body weight 
ratio was 0.009 (normal ratio, >0.012). The heart 
showed interatrial communication (patent foramen 
ovale). 

Histological examination revealed kidneys 
with diffusely distributed glomeruli in the renal 
parenchyma, including the renal papilla. The renal 
tubules consisted of cuboidal cells with clear nuclei 
and scant basophilic cytoplasm (Figure 2A-C). 
Periodic acid-Schiff staining revealed a lack of 
proximal tubules, the brush border membrane, 
typical of these structures, having remained 
unstained (Figure 2D).1,2,3 Immunohistochemistry 
with the markers of proximal tubular differentiation, 
i.e., anti-CD10 antibodies (Figure 3A) and anti-
CD15 antibodies (Figure 3B), also showed proximal 
tubular hypoplasia.4,5 Immunohistochemical staining 
was diffusely positive for epithelial membrane 
antigen, which is characteristic of distal tubules 
(Figure 3C).1-4,6 The renal arteries were tortuous 
and had thickened walls (Figure 3D), ¿ndings 
that constituted further evidence of RTD.4-6 As a 

remained anuric for the duration of his stay. 
Intensive supportive measures were ineffective, 
and the infant died at 9 hours after delivery. An 
autopsy was performed, the legal guardians having 
given written informed consent. The parents were 
consanguineous (¿rst cousins). 

A  

Macroscopic examination revealed the 
presence of the oligohydramnios sequence, also 
known as Potter’s Sequence, i.e., retrognathism, a 
Àattened nose, knee hyperÀexion, ulnar deviation, 
and Àat, clubbed feet (Figure 1), as well as the 
presence of amnion nodosum on the placenta. 
Head circumference was 31 cm (reference range 
for the gestational age, 32-36.5 cm). The anterior 
fontanelle was wide and bulging. The calvarial 
bones were thin, a ¿nding that was consistent 
with hypocalvaria. Kidneys were topic with fetal 
lobulation, an intact corticomedullary junction, a 
combined kidney weight of 19.7 g (normal weight, 
24.8 ± 7.2 g), and an intact pyelocaliceal system. 
Other ¿ndings included agenesis of the ileocecal 
valve, which was characterized by the absence of 
the ileocecal junction, dilated small bowel loops (up 
to 2 cm in diameter), and short, hypoplastic colon (up 
to 0.6 cm in diameter). The small intestinal contents 

igure   The oligohydramnios sequence: A  Wide and bulging fontanelle;   Knee hyperÀexion and ulnar 
deviation; C  Retrognathism;   Knee hyperÀexion.
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igure   Photomicrography of the kidney - Renal tubular dysgenesis: A  Diffusely distributed glomeruli 
in the renal parenchyma (hematoxylin and eosin [H&E]; magni¿cation, ×50);   Diffusely distributed distal 
tubules (H&E; magni¿cation, ×200); C  Distal tubules with cuboidal cells with clear cytoplasm (arrow) and 
thick-walled vessels (H&E; magni¿cation, ×400);   Histochemical analysis showing that the brush border 
membrane, which is characteristic of proximal tubules, remained unstained (periodic acid-Schiff staining; 
magni¿cation, ×400).

control, we used a kidney sample from a neonate 
(gestational age, 39 weeks and 2 days) who had 
normal kidney development and whose cause 
of death was unrelated to the genitourinary tract 
(Figure 4). 

We found pulmonary hypoplasia secondary 
to oligohydramnios and RTD. In addition to our 
¿nding of decreased lung weight, we found that 
the alveoli were collapsed and reduced in number; 
bronchiolar structures were proportionally large and 
tortuous in the lung periphery, being accompanied 
by large vessels (Figure 5A and 5B). We found 
hyaline membrane formation within foci of enlarged 
alveoli (Figure 5B). 

Ileocecal valve agenesis was con¿rmed by 
microscopic examination, which revealed, absence 
of valvar lumen. The ileum and cecum showed two 
joined layers of muscularis propria and no adjacent 
serosa. The intestinal crypts were malformed, 
dilated, and tortuous, sometimes showing basal 
branching (Figure 5C).

We found meconium peritonitis secondary 
to the ileocecal valve agenesis and probable 
intestinal perforation, a ¿nding that has been 
reported in some cases of RTD.1,4 In the diaphragm 
and in the gastric and intestinal subserosas, we 
found lymphomononuclear inÀammatory in¿ltrate, 
macrophages with greenish cytoplasmic granules, 
and vernix squames, some of which were calci¿ed 
(Figure 5D). The presence of periventricular 
leukomalacia constituted further evidence of fetal 
distress. 

C 

A rare disorder, RTD is characterized 
by oligohydramnios – usually diagnosed in the 
second trimester of pregnancy (20-23 weeks)4,7

– progressing to the oligohydramnios sequence, 
pulmonary hypoplasia,1,3,5,8,9 and early death, either 
in utero or within a few days after birth.2,4,7,9 There 
are only a few reports of survival past the neonatal 
period.5,10,11
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igure   Photomicrography of the kidney - Renal tubular dysgenesis, immunohistochemistry: A  with anti-
CD10 antibodies and   with anti-CD15 antibodies, both showing a lack of proximal tubule differentiation 
(magni¿cation, ×200); C  Diffuse staining for epithelial membrane antigen, characteristic of distal tubules 
(magni¿cation, ×200);   for smooth muscle actin, showing tortuous, thick-walled vessels (magni¿cation, ×200).

igure   Photomicrography of the control kidney. A  Proximal tubule differentiation, rich in acidophilic cells 
(hematoxylin and eosin; magni¿cation, ×200);   Stained brush border membrane in proximal tubules (arrow; 
periodic acid-Schiff staining; magni¿cation, ×400); C  Positivity for epithelial membrane antigen, the proximal 
tubules remaining unstained (immunohistochemistry; magni¿cation, ×200);   Immunohistochemistry for 
smooth muscle actin (magni¿cation, ×200). 
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juxtaglomerular cells in the renal afferent arterioles, 
renin release being modulated by afferent arteriolar 
perfusion pressure and sodium concentration in 
the macula densa. In contrast, Ang II controls renin 
release through negative feedback. Therefore, the 
inhibition or absence of Ang II activity leads to an 
overexpression of renin.5,12

All RAS-components are expressed in human 
embryos.5 In humans, in whom nephrogenesis is 
complete before birth,13,14 renin and Ang II levels are 
higher in the embryonic period than in the neonatal 
period. The fetal RAS and the maternal RAS 
are independent, and it has been demonstrated 
that renin does not cross the placental barrier.5

However, during the second half of pregnancy, the 
fetal RAS responds to maternal stimuli, including 
low blood Àow/hypoxemia and medications such 
as furosemide and RAS inhibitors.5 These data 
constitute evidence that the RAS plays a unique 
role in the development of RTD.

In 1983, Allanson et al.15 reported the case 
of two stillbirths, in which RTD was ¿rst described. 
Subsequently, just over 100 cases were reported.1

Prolonged exposure to certain medications or 
illicit drugs, such as cocaine, can lead to decreased 
renal blood Àow and hyperactivation of the renin-
angiotensin system (RAS), therefore leading to 
RTD. A similar mechanism explains RTD in cases 
of twin-to-twin transfusion syndrome.4 Recent 
studies have demonstrated numerous autosomal 
recessive mutations in RAS- related genes leading 
to RTD. 4,5,7,11,12 Consanguinity is identi¿ed in 12% to 
32% of cases.1,4,5

The RAS controls extracellular volume 
and maintains peripheral resistance, blood 
pressure levels, renal function, and renal blood 
Àow. Renin cleaves angiotensinogen, which is 
produced in the liver, in angiotensin I. Angiotensin 
I, an inactive decapeptide, is then converted to 
angiotensin II (Ang II), an active octapeptide, by 
the angiotensin-converting enzyme. Classically, 
Ang II acts on angiotensin II receptor type 1 
(leading to vasoconstriction) and on angiotensin 
II receptor type 2 (leading to vasodilation). Under 
normal conditions, renin is the limiting factor in the 
cascade of reactions, all other components being 
produced in excess. Renin is produced by the 

igure   Photomicrography of the lung. A  Pulmonary hypoplasia (H&E, magni¿cation ×50);   Collapsed 
alveoli and hyaline membrane formation (arrow) (H&E, magni¿cation ×400); C  photomicrography of the 
ileocecal region showing agenesis of the ileocecal valve (H&E, magni¿cation ×50);   photomicrography 
of the peritoneum and diaphragm muscle showing meconium peritonitis, note macrophages with brownish 
granules (arrowhead) and calci¿cation (asterisk) amid lymphomononuclear inÀammatory in¿ltrate (H&E, 
×400) 
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be included in the differential diagnosis of cases in 
which anuria and severe hypotension are usually 
accompanied by a normal renal ultrasound. It is 
extremely important to determine the etiology of 
RTD, particularly in suspected cases of autosomal 
recessive disease, in which there is a 25% chance 
of recurrence. Genetic counseling is therefore 
mandatory. 

Although meconium ileus and its associated 
gastrointestinal obstruction are usually related to 
RTD, this is the ¿rst reported case of the ileocecal 
valve agenesis. However, new case reports are 
required to permit the establishment of an 
association of this unusual ¿nding with RTD.
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Studies have found topic kidneys, either 
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Macroscopic examination typically reveals normal 
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Histological examination reveals a lack of 
proximal convoluted tubules (which are diffusely 
distributed) and diffuse distribution of the glomeruli 
(which show no histological changes). Because 
the tubules consist of primitive cells, it is dif¿cult to 
characterize them only with hematoxylin and eosin 
staining. Periodic acid-Schiff staining reveals a lack 
of proximal tubules, the brush border membrane, 
typical of these structures, remaining unstained.1-3

Immunohistochemistry reveals diffusely distributed 
distal tubules, proximal tubules being scarce or 
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interlobar arteries, are tortuous and have thickened 
walls.4,5,14 

In the case reported here, in addition to 
¿ndings that are typical of RTD, we found changes 
that were secondary to chronic hypotension, which 
is common in cases of RTD. Calvarial malformation 
is common, resulting in hypocalvaria and enlarged 
fontanelles.1-3,5,8,9 Pulmonary hypoplasia, which 
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content, constituting an indirect evidence of 
intestinal perforation. 

Although the neonate received intensive 
care, respiratory failure persisted and he died at 9 h 
after delivery. Microscopic examination of the brain 
revealed periventricular leukomalacia, a ¿nding that 
constituted further evidence of fetal distress. 
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