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Embryology
Three sets of excretory organs or kidneys develop in human embryos:

Pronephros: transitory, nonfunctional structures that appear early in the
fourth week.
Mesonephros: large, elongated, excretory organs that appear late in the
fourth week.
Metanephros: the permanent kidneys that begin to develop early in the fifth
week and start to function about 4 weeks later. Urine formation continues
throughout fetal life.

During the fifth and sixth weeks of development, the
mature kidneys lie in the pelvis.

As the pelvis and abdomen grow, the kidneys slowly move
upward. By the seventh week, the kidneys are located in
the abdomen.

As the embryo continues to grow in a caudal direction, the
kidneys are left behind and eventually come to lie in a
retroperitoneal position at the level of L1 by the ninth week
of development.
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Normal Sonographic Anatomy
KIDNEYS: Can be identified as early as 12-14 weeks as two relatively sonolucent
structures adjacent to spine in transverse sections.

Echo-poor renal pyramids are distributed evenly throughout parenchyma. Renal
sinus fat is more echogenic and can be seen in hilus of kidney. Occasionally the
renal pelvis may contain a small amount of fluid. Normal finding and does not
indicate obstructive uropathy. Seen in 18% of fetuses after 24 weeks.

BLADDER: Can be identified routinely by 20 weeks. Its
presence is an important indicator of active renal
function. Transversely, iliac wings are important
landmarks. Bladder is a dynamic structure that empties
and fills in the normal fetus in 30-45 minute cycles.
Absence on first sonogram does not indicate
abnormality. Wait 30 minutes and re-scan.

ADRENAL: relatively large in fetus. 90% is cortex and
quickly involutes after birth. Seen as an oval mass of
echo-poor tissue lying superior to the kidney on sagittal
scan. Transversely it appears as a long thin echogenic
line of medulla surrounded by thicker sonolucent rim of
cortex. Should be smaller than normal kidney. Care
should be taken to identify normal kidney so renal
agenesis is not missed.

AGE RELATED RENAL PELVIS
MEASUREMENTS

Weeks AP measurement
(mm)

13-20 5

20-30 8

30 10

AP RENAL PELVIS
MEASUREMENTS

5mm Normal

5-10mm Probably normal,
follow up

10mm 85% have anatomic
anomaly

Normal adrenal gland
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GENITALIA: determination of the gender of a fetus may assist in the differential
diagnosis of genitourinary anomalies and/or chromosomal syndromes.

Normal male genitalia Normal female genitalia
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Renal agenesis
The congenital absence of one or both kidneys.

UNILATERAL: Very common 1 : 1,000 births. Causes no symptoms and
usually goes undetected until adulthood.


BILATERAL (Potter's syndrome) consists of:

Bilateral renal agenesis (BRA)
Pulmonary hypoplasia
Facial anomalies
Patients present as small for dates

Associated with other chromosomal abnormalities including: cardiovascular,
gastrointestinal, skeletal and genitourinary.

SONOGRAPHIC FINDINGS IN BRA:
Severe oligohydramnios between 16-28 weeks should strongly suggest

renal anomalies.
Absent kidneys and urinary bladder.
Bladder not distended due to anuria.

Polycystic kidney disease
Inherited kidney disorder characterized by many bilateral cysts which cause
enlargement of the total renal size while reducing, by compression, the functioning
renal tissue. Autosomal dominant type diagnosed in utero.
Four types of PKD:

Perinatal: renal failure occurs in utero
Neonatal: occurs within first month after birth. Death within 1 yr.
Infantile: occurs by 3-6 months with 20% renal involvement,
hepatosplenomegaly. Progresses to renal failure, HTN, portal
hypertension.
Juvenile: appears at 1 - 5 years. Less renal involvement. Course is
similar to infantile group.

SONOGRAPHIC FINDINGS:
Kidneys are large, homogeneously hyperechoic
Difficult diagnosis. Large cysts are not a feature
Increased kidney : AC ratio
Bladder is usually small
Loss of cortico-medullary differentiation
Kidneys may appear normal in early pregnancy (14-16 weeks)

Renal Anomalies
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Multicystic dysplastic kidney
Congenital renal disorder characterized by cystic lesions that correspond primarily to
dilated collecting tubules. Large, up to 6cm. May be unilateral, bilateral, or
segmental.

SONOGRAPHIC FINDINGS:
Bilateral:
Multiple, peripheral, randomly located

variable sized cysts
Inability to visualize fetal bladder when renal

insufficiency present
Oligohydramnios possible

Unilateral:
Multiple cysts (as above)in one kidney
Normal appearing contralateral kidney.
Bladder seen in presence of adequately

functioning renal tissue

Various sonographic appearances of autosomal dominant polycystic kidney disease:
Right: enlarged, diffusely echogenic kidney in renal fossa, lateral to the aorta. (coronal)
Center: brightly echogenic, enlarged kidney seen adjacent to the liver (coronal)
Left: postnatal sonogram of a grossly enlarged (11.3cm) polycystic kidney
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Solid renal masses
Several types of solid renal and adrenal masses may occur in utero such as:
congenital mesoblastic nephroma, Wilm's tumor (nephroblastoma), and congenital
adrenal neuroblastoma.

SONOGRAPHIC FINDINGS:
Presence of a solid mass in the renal fossa
Differentiation is usually not possible with ultrasound

Obstructive uropathies may vary in location, degree, severity and chronicity.
Unilateral or spontaneously resolving obstructions are rarely associated with
subsequent clinical sequelae. Chronic bilateral obstructions, if undetected and
untreated, may lead to renal dysplasia, renal failure and death. The sonographic
appearance depends on the location and degree of severity of the obstruction.

Left-sided renal mesoblastic nephroma.
Left: solid, echogenic mass in left renal fossa compressing adjacent renal

parenchyma (arrow).
Right: Color Doppler image demonstrating impingement on the aorta by the

sold mass in the left renal fossa (M), RK = right kidney
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Ureteropelvic junction obstruction
Essentially a sporadic phenomenon. Anatomic causes include:
fibrous adhesions, bands, kinks, ureteral valves.

SONOGRAPHIC FINDINGS:
Demonstration of a dilated renal pelvis
Presence of variable caliectasis
Thinning of renal cortex in chronic states

Posterior urethral valves
Most common cause of urinary obstruction in male infants. Congenital folds of
urethra act as valves. More common in prostatic portion of urethra. Can cause
severe damage to kidneys, ureters and bladder due to obstruction.

SONOGRAPHIC FINDINGS:
Marked hydronephrosis and a dilated, tortuous

ureter
Bladder wall thickening
Male gender identified

Ectopic ureterocele
Developmental anomaly. Bulging of lower end of ureter into bladder producing
progressive and self-obstructing cystic dilatation of the ureters and renal pelvis.
Leads to potential loss of renal function. Prognosis is good with surgery.

SONOGRAPHIC FINDINGS:
May be unilateral. Large, tortuous, fluid filled

ureter. Level of obstruction may be seen
occasionally.

Ipsilateral hydronephrosis.

Megaureter
Dilated ureter with or without dilatation of the renal pelvis and calyces. Caused by
urinary outflow obstruction or vesicoureteral reflux. May be associated with
unilateral renal agenesis, ectopic kidney, horseshoe kidney and Hirschprung's
disease.

Obstructive Uropathies
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SONOGRAPHIC FINDINGS:
Presence of tortuous anechoic or hypoechoic

intra-abdominal structures that can be traced to
the renal pelvis

Presence of a normal sized bladder which rules
out lower urinary tract obstruction

Hydronephrosis may or may not be seen

Bladder outlet obstruction
Posterior urethral valves are the most common cause.
Mucosal folds between the urethral wall and the
verumontanum block outflow from the bladder.

SONOGRAPHIC FINDINGS:
over-distended urinary bladder that does not

empty within a 30 - 45 minute period

Hydrocele

SONOGRAPHIC FINDINGS:
Small amount of fluid in fetal scrotum is a normal

finding. When fluid surrounds the entire testicle,
hydrocele is present.

Dilated ureters
Male genitalia

Prune belly syndrome
Triad syndrome: anterior abdominal wall distention, urinary tract obstruction, crypto-
rchidism. Often associated with severe GU anomalies particularly hydronephrosis.
Theoretically, massive distention of urinary bladder and ureters causes pressure
atrophy of abdominal wall. Decompression of hydronephrosis post-natally causes
retraction and wrinkling of skin giving the appearance of a prune. Other causes that
could lead to structural features of the syndrome such as ischemic abdominal wall
muscles.

SONOGRAPHIC FINDINGS:
Abnormal compression of abdominal wall by fetal small parts.
Movement of fetal abdominal wall when maternal abdomen is percussed.
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Helpful hints

RENAL CYSTIC FINDINGS

HYDRONEPHROSIS MULTICYSTIC
DISEASE

Cystic areas contiguous
with renal pelvis

Lack of contiguity with
renal pelvis

Radial arrangement Random arrangement

Parenchyma surrounds
calyces

No parenchyma
surrounding cystic
areas


