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Pathogenesis –abnormal embryogenic kidney development

Introduction –approximately 20 to 30 percent of all anomalies identified 
in the prenatal period

 Renal parenchymal malformations –
renal dysplasia, renal agenesis (RA), renal tubular dysgenesis, and 

polycystic renal diseases

 Renal ectopia and fusion –
migration of the kidneys results in renal ectopia (eg, pelvic kidney) 

fusion anomalies (eg, horseshoe kidney)

 Collection system anomalies –
renal pelvis (ureteropelvic junction obstruction)
ureter (megaureter, ectopic ureter, or vesicoureteral reflux)
bladder ( bladder exstrophy)
urethra (posterior urethral valve)
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Anomalies of the collecting system : 

 Renal pelvis (eg, ureteropelvic junction obstruction) 

 Ureter (eg, megaureter, ectopic ureter, ureterocele, or vesicoureteral reflux) 

 Bladder (eg, bladder exstrophy)

 Urethra (eg, posterior urethral valve) 
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ultrasonography during pregnancy 

INCIDANCE:unselected populations has been reported to be between 0.1 to 0.7 percent

optimal timing recommended for a screening antenatall :

between 16 to 20 weeks of gestation because of :

 good visualization of anatomy with a high sensitivity in detecting anomalies

 It is early enough in the pregnancy to allow completion of prenatal diagnostic procedures (eg, fetal 

karyotype, additional imaging studies) while legal termination of pregnancy is possible, if desired. 

DIAGNOSIS



CAKUT

May lead to renal failure and the need for dialyses and/or 
renal transplantation

Abnormal interaction between the ureteral bud and  
metanephric blastema (hypodysplasia, vesicoureteral reflux, 
and ectopic ureters) 

The genetic and biochemical modulation of urinary tract 
development

The animals show defective apoptosis of undifferentiated 
mesenchymal cells

This abnormal apoptosis may well interfere with the normal 
interaction between the ureteral metanephric blastema
resulting in CAKUT



Cystic/Multicystic = containing cysts 

Dysplastic Kidneys = abnormal structures

Hypoplastic Kidnyes = reduced normal structures 

Lower urinary tract dysfunction such as
pelvi-ureteric junction(UPJO)
vesico-ureteric junction (UVJO)
posterior urethral valves(PUV)
reflux

Diverse 
spectrum 
Including:
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diagnostic tests
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Serum creatinine
Voiding cystourethrography(VCUG)
Dynamic renal scan(MAG3)
Static renal scan(DMSA)
Genetic testing
Serial ultrasound



kidney kidney impairment and follow the infant's kidney function

when there is bilateral kidney disease or an affected solitary kidney

at birth is similar to that in the mother 

It declines to normal values in approximately one week in term infants and two to three 

weeks in preterm infants

should be measured after the first 24 hours to avoid overestimation of creatinine that may 

be high and reflective of maternal creatinine value

Serum creatinine
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requires urethral catheterization and injection of a contrast agent

suspicion of a thick-walled bladder, ureteric dilatation, hydronephrosis, and in male infants, any

urethral pathology (eg, posterior urethral valves) 

VUR, which often accompanies other CAKUT (eg, multicystic dysplastic, hypoplastic, or ectopic 

kidney)

Voiding cystourethrography
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kidney excretory function and utilize 99mTc-mercapto acetyl triglycine (MAG-3 

or MAG3) MAG-3 is intravenously, absorbed from the blood by the proximal 

tubules, and secreted into the tubular lumen and then into the bladder

Dynamic renal scans are used to differentiate between obstructive versus 

nonobstructive

Dynamic renal scan — Dynamic radionuclide scans 
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focal renal parenchymal abnormalities 

between the two kidneys

detection of kidney scarring 

99mTc–dimercaptosuccinic acid (DMSA) 

(IV) injection, DMSA is taken up by proximal tubular 

no minimum age can be performed

Static renal scan — Static radionuclide scan 
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compensatory kidney growth of unaffected kidneys 

growth is monitored six months in the first year of life

and then yearly or every second year until puberty

progressive hydronephrosis in patients with mild/modercompleted

obstructive uropathy or changes in the affected kidneys (eg, size of multicystic

dysplastic kidney)

Serial ultrasound 
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Large Bright Kidneys:
What does it mean?

Congenital anomalies of the kidney and urinary tract (CAKUT)

• Aneuploidy

• Normal variant

• Autosomal recessive polycystic kidney 

disease

• Autosomal dominant polycystic kidney 

disease

• Renal cysts and diabetes syndrome 

• Beckwith Wiedemann syndrome 

• Other genetic syndrome 



We want to estimate: the number of nephrons / 
functional renal mass 

1. Kidney size 

2. Kidney structure 

3. Amniotic fluid

How does ultrasound help?
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Most likely one of 
three common things



Conclusion: The most common CAKUT in neonates is 

hydronephrosis and most cases with hydronephrosis had a 

good prognosis but they should be followed up regularly 

Urinary ultrasound screening for neonates, especially those 

high-risk neonates with abnormal fetal urinary ultrasound, has 

important clinical implications for the early detection of CAKUT

[Ultrasound screening and follow-up study 
of congenital anomalies of the kidney and 
urinary tract in neonates]



No role for routine genetic testing 

in a retrospective study, genetic mutation was detected in 

14 of 66 patients (approximately 20 percent) 

No mutations were detected in the six patients with urinary tract obstruction

whereas patients with bilateral kidney lesions were more likely to have an underlying 

genetic mutation

diagnosing a genetic condition did not alter long-term kidney prognosis 

genetic testing is not recommended for routine evaluation

genetic testing 
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genetic causes
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(AFI) is calculated by antenatal ultrasonography as the 
sum of the largest vertical diameter (cm) of amniotic 
fluid in each of the four quadrants in the image. Mean 
(50th percentile) and lower limit (2.5th percentile) for 
various gestational ages



Amniotic fluid Analysis

high urinary electrolyte excretion

sodium and chloride concentration greater than 90 mEq/L (90 mmol/L)

urinary osmolality less than 210 mosmol/kg H2O (210 mmol/kg H2O) 

use gestation specific cut-offs because with increasing gestational age, renal 

tubular resorptive function increases







Major Causes of Pediatric Obstructive Uropathy:

 Posterior urethral valves

 Prune belly syndrome

 Myelomeningocele (with neurogenic bladder)

 due to disordered innervation of detrusor muscle and external sphincter

 Ureteropelvic junction (UPJ) obstruction

 Ureterovesical junction (UVJ)obstruction

 Ureterocele (intravesicle ureter)



Obstructive Uropathy-PUV
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Postnatal evaluation the first 24 hours of life for 

neonates bilateral involvement

distended bladder with thickened bladder wall

bilateral hydronephrosis

require surgical intervention



Normal Posterior urethral valves
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PUV:
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UPJO:

Major causes of pediatric obstructive Uropathy:

Ureteral Dysgenesis

-incidence 1:1500- 1:2000 births

-75% are unilateral

-Male predominance

Obstructive Uropathy UPJ 
obstruction



Obstructive Uropathy UVJ 
obstruction
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Ureterocele

Obstructive Uropathy - Ureterocele

Bladder US

Ultrasound - images.com





VUR(VCUG)
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VUR
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VURNORMAL VCUG
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ultrasound measures:

size of the solitary kidney 

any other kidney abnormalities

compensatory renal hypertrophy

May in pelvic area ectopic kidney is present

magnetic resonance imaging or static renal scan with( DMSA)

a renal scan may miss nonfunctional kidney tissue

Unitlateral renal agenesis



1.Renal-coloboma syndrome: renal hypoplasia, vesicoureteral reflux, and optic nerve coloboma ,PAX2 

2.BOR syndrome

3.Müllerian abnormalities – (eg, uterine didelphys and/or vaginal duplication) are common in girls because the 

Wolffian and müllerian ducts are contiguous part of the spectrum of Mayer-Rokitansky syndrome and typically 

present during the onset of puberty with menstrual obstruction symptoms such as cyclical pain, excessive 

discharge, and/or infection

Microphallus and cryptorchidism are findings noted in infants with congenital gonadotropin-releasing hormone 

deficiency Older affected children may present with anosmia (lack of sense of smell), cleft lip/palate, or 

syndactyly. 

4.trisomies 13 and 18 and Turner syndrome

Unitlateral renal agenesis



ectopy or fused kidneys

are at increased risk for other anomalies:

genitourinary abnormalities

vesicoureteral reflux

COMPLICATION:

UTI

NEPHROLITHIASIS

OBSTRUCTION

ANOMALIES OF RENAL EMBRYONIC MIGRATION 



● Simple ectopy refers to a kidney that lies on the correct side of the body, but lies in 

an abnormal position. 

● Crossed renal ectopy refers to a kidney that crosses the midline

Renal ectopy

with and without fusion

Crossed fused ectopy —the ectopic kidney and ureter crosses the midline to fuse with the contralateral 

kidney, but the ureter of the ectopic kidney maintains its normal insertion into the bladder the ectopic 

kidney is positioned inferiorly to the contralateral kidney The contralateral kidney can either retain its 

normal dorsolumbar position or is positioned lower in the pelvis or lower lumbar vertebral level (L4 or L5). 

Crossed renal ectopy 



Duplication

asymptomatic uncomplicated (no dilation)

no further intervention or referral is needed

A history of urinary tract infection (UTI) or 

dilatation (typically due to obstruction) surgical 

repair 







Multicystic Dysplasia

Multicystic Dysplastic Kidney (MCDK) is a severe renal dysplasia the kidney is 

tense noncommunicating macrocyst

there is no functional parenchyma



1.male gender and fetal surgery were not significant predictors of early 

progression

Preterm birth with GA <36 weeks was a predictor of early progression; 

low birth weight <2,500 grams was not

Co-morbidities which included lung hypoplasia and congenital anomalies 

involving other organ systems were a significant predictor of progression

The lowest thresholds for SCr (≥0.6 mg/dL) and Cystatin C (≥2.0 mg/L) were 

included in the analysis and proved to be the most significant predictors of 

progression to early CKD

Front Pediatr. 2019; 7: 182.

Published online 2019 May 14. doi: 10.3389/fped.2019.00182

Risk Assessment of Severe Congenital Anomalies of the Kidney and Urinary Tract

early progression to advanced CKD including

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6527773/
https://doi.org/10.3389/fped.2019.00182




Thank you


