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LECTURE NOTES
Embryology of the Urogenital System
 	Both the urinary and genital systems develop from the intermediate mesoderm that extends along the length of the dorsal body wall of the embryo, and the excretory ducts of both systems initially enter a common cavity called the cloaca.
 	As development continues, the overlapping of the two systems is well seen in the male system.
 	The mesonephric duct first serves as a urinary duct, and later is transformed into the main genital duct, the vas deferens.
 	The ureter develops from a small bud, and later in the adult male the urinary and genital organs discharge their secretions through this canal in the penis known as the spongy urethra.
 	As the embryo bends and folds in the horizontal plane during the fourth week, the intermediate mesoderm forms a longitudinal mass on both sides of the aorta called the urogenital ridge.
 	Both the urinary and genital systems develop in these ridges.
 	The nephrogenic cord gives rise to the urinary system and the part that gives rise to the genital system is the gonadal ridge.
 	The urinary system begins development first.
· The urinary system consists of two kidneys that excrete urine: the ureters, which transport urine to the urinary bladder, and the urethra, through which the urine is discharged to the exterior.
The Urinary System
Development of the Kidneys
 	Three sets of excretory organs develop in the embryo; only the third set remains as the permanent kidneys.
 	The permanent kidneys (metanephros) begin to develop early in the fifth week of life, although they do not begin to function and produce urine until around the 11th week (end of the first trimester).
 	Urine formation continues to fill the amniotic cavity throughout fetal life.
 	The kidneys do not function in utero because the placenta eliminates waste from the fetal blood.
 	The permanent kidneys develop from two different sources:
1. 	The metanephric diverticulum or ureteric bud
2. 	The metanephric mesoderm
 	The ureteric bud gives rise to the ureter, renal pelvis, calyces, and collecting tubules.
· The collecting tubule is also derived from the ureteric bud.
· The major and minor calyces are developed from these collecting tubules.
 	The ends of the tubules form metanephric vesicles.
· The ends of these tubules are invaginated by an ingrowth of the fine blood vessels, the glomerulus, to form a double-layered cup, the glomerular capsule or Bowman’s capsule.
· The renal corpuscle (glomerulus and capsule) and its associated tubules form a nephron. Each distal convoluted tubule contacts an arched collecting tubule, and then the tubules become confluent, forming a uriniferous tubule.
· Each uriniferous tubule consists of two parts: a nephron and a collecting tubule.
 	The kidneys initially lie very close together in the pelvis.
· Gradually they migrate into the abdomen and become separated from one another. They normally complete this migration by the ninth week of gestation.
· In some cases, one of the kidneys may remain in the pelvic cavity, whereas the other migrates into the posterior flank of the abdomen.
· On ultrasound, the identification of a pelvic kidney may be seen with adequate bladder dilation and may present in the females as a pelvic mass.
 	The arterial vascular supply to the kidneys is supplied by arteries that arise from the aorta.
 	Usually these vessels disappear as the kidneys ascend, but some of them may persist to account for the variations one may find in the renal arteries.
 	At least 25% of adult kidneys have two to four renal arteries.
 	The fetal kidneys are subdivided into lobes that may be separated by grooves.
· This lobulation usually diminishes by the end of the fetal period, but in some cases the lobes may still be noticeable by the end of the neonatal period.
· In the adolescent and the adult patient, persistence of the fetal lobulation and groove may be seen on ultrasound as an echogenic “triangular” notch along the anterior wall of the right kidney.
Congenital Malformations of the Kidneys
 	Complete absence of the kidneys is known as renal agenesis.
· This occurs when the ureteric buds fail to develop or when they degenerate before they can induce the metanephric mesoderm to form nephrons.
· Because the uriniferous tubules develop from two different sources, the failure of the tubules to join results in congenital polycystic disease of the kidneys.
 	Division of the ureteric bud at an early stage results in a double or divided kidney.
· The ureteral bud closest to the sinus drains the lower renal pole and enters the bladder at the trigone, where the ureter drains the upper pole as it enters the bladder in a more medial and caudal position (ectopic ureter).
· The lower pole is more prone to reflex and the upper pole more prone to obstruction.
· The hydronephrotic, nonfunctioning upper pole may cause downward displacement of the lower pole calyces.
 	A horseshoe kidney forms when the inferior poles of the kidney fuse while they are in the pelvis. This may occur in 1 to 4 per 1000 births and is two to three times more common in males.
 	Other variations from the horseshoe kidney may result in crossed renal ectopia and abnormal renal position.
· In this case, the kidney is located on the opposite side of its ureteral orifice.
· It usually affects the left kidney going toward the right and is inferior to the normal kidney.
Development of the Urinary Bladder
 	The fetal urinary bladder is derived from the hindgut derivative known as the urogenital sinus.
· The caudal ends of the mesonephric ducts open into the cloaca and parts of them are gradually absorbed into the wall of the urinary bladder.
· This development causes the ureters (derived from the ureteric buds) and mesonephric ducts to enter the bladder separately.
 	As the kidneys migrate upward, the orifices of the ureters also move cranially, and the primordia of the ejaculatory ducts (derived from the mesonephric ducts) move toward one another and enter the prostatic part of the urethra.
Exstrophy of the Bladder
 	This anomaly occurs primarily in males; the incidence is 1 in 50,000 births.
 	It is characterized by the protrusion of the posterior wall of the urinary bladder, which contains the trigone of the bladder and ureteric orifices.
 	Exstrophy of the bladder is caused by the defective closure of the inferior part of the anterior abdominal wall during the fourth week of gestation.
 	As a result of this defect, no muscle or connective tissue forms in the anterior abdominal wall to cover the urinary bladder; therefore, the bladder is formed external to the abdominal wall.
Development of the Urethra
 	The epithelium of the female urethra and most of the epithelium of the male urethra is derived from the endoderm of the urogenital sinus.
Development of the Prostate Gland
 	The prostate gland is an auxiliary genital gland that is derived from evaginations of the epithelium of the prostatic portion of the urethra that penetrates the surrounding mesenchyme.
 	The urethral and paraurethral glands in the female are comparable to the prostate gland.
The Urachus
 	Early in development the urinary bladder is continuous with the allantois.
 	The allantois regresses to become a fibrous cord known as the urachus.
· This cord, or ligament, extends from the apex of the bladder to the umbilicus.
· If the lumen of the allantois persists as the urachus forms, a urachal fistula develops, which causes urine to drain from the bladder to the umbilicus.
· If only a small part of the lumen of the allantois persists, it is called a urachal cyst. If a larger portion of the lumen persists, it may cause a urachal sinus to develop, which may open at the umbilicus or into the urinary bladder.
Sonographic Evaluation of the Urinary Tract
 	With endovaginal sonography, the fetal kidneys have been documented as early as 9 weeks’ gestation
· By 12 weeks’ gestation, at least 86% of the fetal kidneys may be imaged.
· The fetal kidneys and bladder may be seen by 13 weeks’ gestation.
· At this time, the kidneys appear as bilateral hyperechoic structures in the paravertebral regions.
· Also at this time, the renal pelves can be seen as sonolucent areas within the central kidney, and the bladder is imaged as a rounded echo-free area located centrally in the pelvis.
 	By 25 weeks, it is possible to distinguish the renal cortex from the medulla, outline the renal capsule clearly, and see a central echogenic area in the renal sinus region.
· Refer to Box 64-1 (Sonographic Evaluation of the Urinary System).
 	The kidneys should be evaluated by assessing their anatomy, texture, and size.
· Normal anatomic structures of the kidney include the relatively homogeneous renal cortex and parenchyma, echogenic pyramids and calyces, and anechoic renal pelvis.
· Kidney texture that appears significantly enhanced (echogenic) should be a cause for concern.
 	Marked deviations of anatomy should alert the sonographer to investigate the urinary tract more extensively.
 	It is important to remember that a small amount of urine may be seen in the renal pelvis in the normal fetus, measuring in its anteroposterior (AP) diameter less than 5 mm.
 	This should not be misinterpreted as an abnormal collection of urine within the renal pelvis, pelviectasis (5–9 mm); or caliectasis, rounded calyces with renal pelvis dilation (greater than 10 mm), which may lead to severe hydronephrosis.
 	A renal pelvis diameter, measured in an AP direction in a transverse plane that exceeds 10 to 15 mm is considered abnormal.
 	The size of the fetal kidneys may be assessed by measuring the length, width, and height of the kidney.
 	The length of the kidney closely correlates with the gestational age of the fetus.
 	The normal fetal ureters are usually unobserved because they measure less than 1 mm in diameter.
· When the ureters are pathologically dilated, they become visible as tortuous cystic masses in the midportion of the lower fetal pelvis.
· Abnormally dilated ureters are referred to as hydroureters and may be traced into the kidney and bladder.
 	The fetal bladder is normally visualized in all fetuses.
· If the bladder appears too large, it should be evaluated again at the end of the study (assuming the examination takes at least 45–60 minutes) to see if normal emptying has occurred.
 	Failure to observe the bladder may indicate a severe renal abnormality when accompanied by oligohydramnios.
 	The bladder wall should be thin in a normal fetus.
 	When obstruction occurs at the level of the urethra, the bladder wall becomes hypertrophied. The presence of ureteral jets may be assessed in the fetus to rule out obstruction.
· Color Doppler is focused over the area of the bladder, near the base, and the presence of ureteral jets streaming into the bladder over a period of time indicates the ureter is not obstructed.
 	The urethra, like the ureters, is usually unidentifiable in the normal fetus.
· Dilation of the posterior urethra is highly suspicious for an obstructive process such as posterior urethral valve syndrome.
 	Obstructions of the urinary system may originate anywhere along the urinary tract.
· The consequences of an obstruction depend on the origin of the blockage.
· For example, in fetuses with complete posterior urethral valve obstruction, urine is unable to pass through the urethra and into the amniotic fluid.
· Consequently, urine backs up in the posterior urethra, bladder, ureters, and often extends to the kidneys (hydronephrosis).
Abnormalities of the Urinary Tract
 	Renal malformations may be divided into two categories:
1. 	Those involving congenital malformation
2. 	Those resulting from an obstructive process
 	The consequences of renal malformations vary, depending on the type of lesion and extent of obstruction.
 	Amniotic fluid volume is a significant factor in predicting outcome.
 	The recognition of urinary tract anomalies is of significant clinical concern, because several fetal conditions are incompatible with life.
 	In unilateral obstructions of the urinary tract, early delivery of the fetus is often warranted to salvage the normal kidney.
· Intrauterine decompression of an obstructed urinary tract (posterior urethral valve syndrome) has been performed to relieve the obstruction and allow expansion of the lungs to prevent pulmonary hypoplasia.
 	Recognition of lethal or treatable renal anomalies is necessary to ensure appropriate clinical and therapeutic management.
 	Amniotic fluid is a critical marker in the assessment of renal function.
· The fetal kidneys begin to excrete urine after the 11th week, but do not become the major contributor of fetal urine (hence, amniotic fluid volume) until the 14th to 16th weeks of pregnancy.
· Therefore, the observation of normal amniotic fluid volume before this time does not exclude the possibility of renal agenesis (absent kidneys).
 	In fetuses with severe renal disease, amniotic fluid is reduced, and in the most severe malformations, it is virtually absent.
· When severe oligohydramnios is found, usually both kidneys or ureters and the urethra are malformed.
· Unilateral obstructions may yield a normal amount of amniotic fluid, since the contralateral kidney produces urine.
 	Conversely, hydramnios may be present with some renal disorders, such as mesoblastic nephroma and in unilateral renal obstruction.
 	It is important to identify the fetal bladder early in the ultrasound examination to make sure adequate fluid is present.
· If no bladder is seen, the sonographer should reevaluate the bladder at the end of the examination.
· It usually takes at least 30 minutes to fill and empty the fetal bladder.
 	It is important to determine whether the pathology is unilateral (implies ureteral bud defect with good prognosis) or bilateral.
 	When bilateral, decide if the condition is asymmetric (dissimilar abnormal patterns for each kidney) or symmetric (same abnormal pattern for both kidneys; this may imply a genetic condition, such as autosomal-recessive infantile polycystic kidney or multicystic dysplastic kidney disease).
Abnormalities of Kidney Development
 	Renal agenesis and infantile polycystic kidney disease are fetal conditions incompatible with life.
 	Multicystic dysplastic kidneys, when bilateral, result in immediate neonatal death.
Renal Agenesis
 	Renal agenesis means the virtual absence of the kidneys.
 	Bilateral agenesis occurs in 1 in 3000 to 1 in 10,000 births.
 	The male to female ratio is 2.5:1.
 	In this disease, the kidneys and bladder are not visualized sonographically.
 	Amniotic fluid is absent or severely decreased (oligohydramnios), because urine is not produced.
 	The combination of the preceding findings is highly suggestive of this lethal disorder.
 	It is important to remember that in the early stages of renal agenesis, amniotic fluid may be visible because it is produced from other fetal sources.
 	In renal agenesis the adrenal glands may be large and may mimic the kidneys.
 	Sonographic findings:
· Severe oligohydramnios after 13 to 15 weeks’ menstrual age
· Persistent absence of urine in fetal bladder
· Failure to visualize kidneys (use color flow to outline renal arteries)
· [bookmark: _GoBack]Abnormally small thorax.
 	The lower fetal pelvis should be carefully searched when the kidneys cannot be found in their normal locations.
 	Ectopic kidneys should be considered when the kidneys are not located in a retroperitoneal position.
 	Unilateral renal agenesis occurs in 1 in 500 to 1 in 1000 births more commonly than bilateral disease.
 	Unilateral agenesis may be associated with uterine anomalies in females and testicular hypoplasia or agenesis or hypospadias in males.
 	The contralateral kidney may be hypertrophied to compensate for the absent kidney.
 	With a normal contralateral kidney, adequate amounts of amniotic fluid are produced and chances for survival are excellent.
 	Fetal anomalies found in association with renal agenesis include cardiac defects and musculoskeletal disorders (sirenomelia, absent radius and fibula, anomalies of the digits, sacral agenesis, diaphragmatic hernia, and cleft palate).
· Central nervous system anomalies include hydrocephalus, meningocele, cephalocele, holoprosencephaly, anencephaly, and microcephaly.
· Gastrointestinal anomalies include duodenal atresia, imperforate anus, tracheoesophageal fistula, malrotation, and omphalocele.
 	The sonographer should understand that most of these malformations are undetected prenatally because of poor visualization resulting from anhydramnios (complete lack of amniotic fluid).
 	Amniotic fluid may be normal in a fetus with bilateral renal agenesis when esophageal atresia and tracheoesophageal fistula are present.

Horseshoe Kidney
· The horseshoe kidney is the fusion of the lower poles of both kidneys.
· Transverse images of the fetal abdomen demonstrate an abnormal lie of the kidney. 
· If the spine is down, the connecting isthmus may be seen anterior to the aorta.
Renal Ectopia
· Renal ectopia occurs when the kidney lies outside its normal position in the renal fossa, usually in the area of the pelvis.
· Occasionally, crossed fused ectopia occurs.
· With ultrasound, the kidney is absent from its normal position, with the adrenal gland filling the space of the renal fossa.
· Evaluation of the pelvis finds the kidney lying superior to the bladder.
Crossed Renal Ectopia
· The ectopic kidney lies on the opposite side of the abdomen relative to its ureteral insertion into the bladder. 
· The kidneys are usually fused together and are found most often on the right side of the abdomen.
Renal Cystic Disease
· Renal cystic disease is a heterogenous group of heritable, developmental, and acquired disorders.
· The Potter classification attempts to cover most of the renal cystic conditions seen in the prenatal period.
· Table 64-3 outlines a number of very rare syndromes associated with renal cystic disease.
Potter’s Syndrome
 	This condition occurs in 3 in 10,000 births.
 	Potter’s sequence is characterized by renal agenesis, oligohydramnios, pulmonary hypoplasia, abnormal facies, and malformed hands and feet.
 	The oligo-hypoplastic lung complex is also seen in other genitourinary malformations such as renal hypoplasia, cystic dysplasia, posterior urethral valves, and prune-belly syndrome. 
 	Intrauterine shunting may reduce renal damage and the devastating effects of oligohydramnios.
 	Potter described the classifications of cystic renal anomalies:
· Type 1: (AR) infantile polycystic kidney disease
· Type 2: Renal agenesis, multicystic kidneys, renal dysplasia
· Type 3: (AD) polycystic kidney disease
· Type 4: Renal dysplasia, obstructive kidney disease
Potter Type I: Infantile Polycystic Kidney Disease
 	Infantile polycystic kidney disease (IPKD) is an autosomal-recessive disorder (25% chance of recurrence) that affects the fetal kidneys and liver.
 	This disease has varying presentations and affects 1 in 40,000 to 50,000 births.
 	Most commonly, abnormal kidneys may be found in association with liver cysts.
 	The most severe forms of IPKD are those found prenatally.
 	In this disease, the collecting tubules of the kidney are microscopically dilated.
 	By ultrasound, individual cysts are not identified; instead the kidneys are massively enlarged because of hundreds of dilated tubules.
· Enlargement of the kidneys may not occur until the 24th week of gestation; therefore, serial studies of at-risk fetuses are recommended.
· Enhanced renal tissue echogenicity is characteristic because of the multiple interfaces created by the dilated cystic tubules.
 	Sonographic findings:
· Progressive renal enlargement
· Echogenic renal parenchyma
· Empty bladder and oligohydramnios
 	In the most severe cases of IPKD, renal failure occurs with oligohydramnios and an absent urinary bladder.
 	In some cases the kidneys are so massive that they fill the entire abdomen.
 	In view of the high recurrence rate and dismal prognosis in severe IPKD, recognition of this defect is important. IPKD may occur as part of a genetic syndrome (i.e., Meckel-Gruber syndrome).
 	The intrauterine differential of IPKD should only be considered when the following characteristics are found:
· Family history of IPKD
· Enlarged kidneys on both sides
· Highly echogenic kidney texture
· Significant oligohydramnios
· Inability to identify the fetal bladder
 	Renal hyperplasia also has been associated with Beckwith-Wiedemann syndrome, along with omphalocele, macroglossia, gigantism, medullary dysplasia, adrenal cytomegaly, pancreatic islet-cell hyperplasia, facial nevus flammeus, and hypoglycemia.
Potter Type II: Multicystic Dysplastic Kidney Disease
 	In this condition, renal tissue is replaced by cysts of varying sizes that are found throughout the kidney.
 	Kidney borders are difficult to define because of the distorted renal outline.
 	The affected kidney is nonfunctional.
 	When a multicystic kidney has been identified, a careful search for anomalies of the opposite kidney should be undertaken.
 	Sonographic findings:
· Multiple noncommunicating cysts of variable size
· No distinct renal pelvis
· No distinct renal parenchyma
· Renal size may be normal, hypoplastic, or enlarged
· Severe oligohydramnios if bilateral
 	A multicystic kidney needs to be distinguished from hydronephrosis and calyceal dilation.
· Serial scans are often requested to follow the function of the normal kidney. Hydronephrosis of the functioning kidney may warrant early delivery.
· Remember, when the fetal bladder is visualized and the amount of amniotic fluid is normal, renal function of the unaffected kidney is present.
· When oligohydramnios is found, pursuit of other renal malformations should ensue.
 	When both kidneys are found to be multicystic, oligohydramnios and an absent bladder are expected.
 	This is a lethal condition for the neonate.
 	The prognosis for infants with multicystic kidney disease varies based on the prenatal findings.
 	Associated anomalies include encephalocele suggestive of Meckel-Gruber syndrome in the presence of bilateral renal cystic disease, polydactyly and severe oligohydramnios. Multicystic kidney disease also may be associated with ureteral atresia.
Potter Type III: Adult Dominant Polycystic Kidney Disease
 	Autosomal-dominant (adult) polycystic kidney disease (APKD) may be differentiated in a fetus when there is a family history of polycystic kidneys, liver, or both.
 	The fetal kidneys appear large and echogenic, and rarely, cysts may be observed prenatally.
 	Amniotic fluid volume is normal.
 	Conversely, visualization of bilateral enlargement of the kidneys may prompt a renal and liver work-up in the parents to exclude this disorder.
 	Sonographic findings:
· Large kidneys with hyperechoic parenchyma
· Size may be asymmetric
· Genetic link

Potter Type IV: Obstructive Cystic Dysplasia
· In obstructive cystic dysplasia, renal dysplasia occurs secondary to obstruction in the first or early second trimester 
· This condition is caused by early renal obstruction.
· Unilateral disease can be caused by a pelviureteral or vesicoureteric junction obstruction
· Severe obstruction from a ureterocele can cause dysplasia in an upper pole moiety of a duplex kidney.
· Bilateral obstructive dysplasia is caused by sever bladder outlet obstruction, usually urethral atresia or posterior urethral valves. 
 	Sonographic findings:
· The fetal kidneys appear small and echogenic with cortical peripheral cysts.
· If the disease if bilateral, look for early bladder outlet obstruction (“keyhole bladder”), bilateral hydronephrosis, a thick-walled bladder, and severe oligohydramnios.
· The renal cortex is dysplastic and replaced with the multiple cortical cysts.
Obstructive Urinary Tract Abnormalities
· The urinary tract may be obstructed at the junction of the ureter entering the renal pelvis (ureteropelvic junction) or at the junction of the ureter as it enters the bladder (ureterovesical junction) or at the level of the urethra (megacystis).
Hydronephrosis
 	Fetal hydronephrosis is the most common fetal anomaly.
 	The sonographic appearance of urinary tract obstruction varies, depending on the site and extent of blockage.
 	Dilation of the renal pelvis (hydronephrosis) occurs in response to a blockage of urine at some junction in the urinary system.
· This blocked urine is unable to pass the obstruction, and as urine is continually produced, it will back up into the kidney.
· Hydronephrosis commonly occurs when there is an obstruction in the ureter, bladder, or urethra.
· Hydronephrosis is generally the end result of an obstruction at a lower level in the urinary tract.
 	Sonographic findings:
· AP renal pelvic diameter greater than 7 to 15 mm
· Rim of renal parenchyma preserved
· Calyceal distention with central pelvis communication
 	The sonographic appearance of hydronephrosis varies according to the severity of the underlying obstruction.
 	The dilated renal pelvis is centrally located and distended with urine, which often communicates with the calyces (caliectasis).
 	The remaining renal tissue may be identified in all but the most severe cases of hydronephrosis.
 	Renal dysplasia often occurs and represents cystic changes within the renal tissue.
 	Fetal hydronephrosis may occur as a unilateral or bilateral process.
 	Unilateral renal hydronephrosis commonly results from an obstruction at the junction of the renal pelvis and the ureter.
· This is called a ureteropelvic junction (UPJ) obstruction.
Ureteropelvic Junction Obstruction
· UPJ obstruction is the most common reason for hydronephrosis in the neonate.
· This obstruction occurs at the junction between the renal pelvis and ureter.
· Only half of these disorders are found during early childhood; early prenatal detection may improve long-term renal function.
· The causes of UPJ are abnormal bends or kinks in the ureter, adhesions, abnormal valves in the ureter, abnormal outlet shape at the ureteropelvic junction, or absence of the longitudinal muscle that is imperative to the normal excretion of urine from the kidney. 
· UPJ is usually a unilateral defect, and amniotic fluid remains normal because of the normal contralateral kidney.
· Anomalies associated with this disorder may involve the presence of a urinoma, which presents as a large cyst that is in contact with the spine. 
· Urinary ascites also may be a complicating feature of UPJ. 
 	Sonographically, there is a collection of urine located medially within the renal pelvis that communicates with the calyces (caliectasis).
 	The ureter, bladder, and amniotic fluid are usually normal.
	UPJ may be severe.
Ureterovesical Junction Obstruction
 	Ureterovesical junction obstruction commonly presents with dilation of the ureter (megaureter).
 	Megaureter may result from a primary ureteral defect (stenotic ureteral valves or fibrosis) or may occur secondary to obstruction at another level (causing reflux or backward flow of urine).
 	Other defects, such as duplication of the renal collecting system, are common and may be differentiated prenatally.
 	When a dilated upper renal pole is observed with a normal lower pole, an obstructed duplicated collecting system may be indicated.
 	This may result from an ectopic ureterocele within the bladder, causing obstruction of the upper pole of the kidney.
Secondary Obstruction to Ureterocele and Ectopic Ureter
· A ureterocele is a cystic dilation of the intravesical (bladder) segment of the distal ureter.
· An ectopic ureter is one that does not insert near the posterolateral angle of the trigone of the bladder.
· In females it may insert in the vagina, vestibule, or uterus.
· In males, it may insert in the seminal vesicle, vas deferens, or ejaculatory ducts
· It also may insert into the bladder in an ectopic location.
· Unless hydronephrosis is present, this condition is difficult to diagnose in utero.
Posterior Urethral Valve Obstruction
 	Posterior urethral valve obstruction results in hydronephrosis, hydroureters, or dilation of the bladder and posterior urethra.
 	This entity occurs only in male fetuses and is manifested by the presence of a valve(s) in the posterior urethra.
· As a result, urine is unable to pass through the urethra and into the amniotic fluid. This causes a back-up of urine in the bladder, ureter, and, in the most severe cases, the kidneys.
· Severe oligohydramnios is a classic finding in the complete obstruction form.
 	Sonographic findings:
· Dilated bladder (thickening of the bladder wall)
· Dilated posterior urethra (keyhole appearance)
· Oligohydramnios
· Hydroureters
· Hydronephrosis and dysplasia
· Fetal ascites (some cases)
· Distention of fetal abdomen (urethral obstruction malformation complex prune-belly syndrome)
· Male fetus
 	When these sonographic signs occur in the female fetus, abnormalities of the sacrum (caudal regression anomalies) and megacystis-microcolon intestinal hypoperistalsis syndrome should be considered.
 	Fetal renal function may be assessed by aspirating urine from an obstructed bladder.
 	Cystic dysplasia and poor renal function are suggested when sodium, chloride, and osmolality are unusually elevated.
 	Intermittent posterior urethral valve obstruction may occur with a normal amount of amniotic fluid.
 	Diminishing fluid volume and increased hydronephrosis may prompt early delivery.

Prune-Belly Syndrome
 	This syndrome may be called the urethral obstruction malformation complex.
 	The condition consists of: cryptorchidism, agenesis of abdominal wall muscle, megaureters, and bladder outlet obstruction caused by urethral anomalies such as atresia, stenosis valves, or diverticulum.
 	Sonographic findings: 
· Oligohydramnios
· Mild to severe bilateral hydronephrosis
· Fetal ascites
· Hypoplastic lungs
 	The abdomen is extremely distended compared with the small thoracic cavity.
 	The dilated ureters and bladder appear as numerous cystic lesions within the distended abdominal cavity.
Fetal Surgery in Obstructive Uropathy
 	The prognosis of posterior urethral valve syndrome is invariably fatal, but in selected fetuses with documented normal renal function, placement of an indwelling bladder shunt to relieve the obstruction has improved chances for survival in some cases.
 	This shunt drains the blocked urine into the amniotic fluid, allowing the fetal lungs to develop.
 	When the urinary tract is completely blocked, severe oligohydramnios and the Potter sequence occur.

Other Urinary Anomalies
 	Rare disorders, such as urethral atresia, may cause a massively dilated bladder (prune-belly).
 	Duplication of the renal complexes and ectopic ureteroceles may be detected.
 	Dilation of the ureters may occur as isolated lesions (primary megaureters), resulting from atresia of the distal ureter.
 	The disorders generally are associated with adequate to increased amounts of amniotic fluid and a normal bladder.
· Infrequently, renal pelvis hydronephrosis may occur.
· The antenatal differential of crossed renal ectopia (both kidneys fused on one side) has been reported.
· Failure to identify a kidney should prompt the sonographer to check for this condition, as well as pelvic kidneys (located ectopically in the pelvis), unilateral renal agenesis, or horseshoe kidneys.
· Horseshoe kidneys are normal in location (one on each side).
· Tumors of the fetal kidney are rare.
 	Masses in the kidney should be suspected when the contour of the kidney is distorted or replaced by a mass and the pelvicaliceal echoes are absent.
 	The most common renal tumor is a mesoblastic nephroma, which is a hamartoma.
· A hamartoma is a collection of oddly arranged tissue indigenous to the area.
· Mesoblastic nephroma are sonographically observed as large, single, solid masses originating from the kidney.
· Hydramnios is a typical manifestation.
· The opposite kidney is usually normal; therefore, prognosis is excellent with surgical removal of the affected kidney.
 	An adrenal tumor, neuroblastoma, may be observed prenatally above the kidney.
· These tumors have varying echo patterns and are associated with liver and placental metastasis.
· The prenatal differential of nephroblastomatosis (premalignant precursor of Wilms’ tumor) has been reported.
· Bilateral renal enlargement with calcifications with shadowing was observed.
The Genital System
 	The sex of the fetus is determined at the time of fertilization; however, there is no morphologic indication of gender until the seventh week of development.
 	Early embryogenesis shows similar development in both sexes.
 	The gonads are derived from the gonadal ridges and are the first parts of the genital system to undergo development.
 	As the genital ridge enlarges and frees itself from the mesonephros by developing a mesentery, the male ridge becomes the mesorchium and the female the mesovarium.
 	At the same time, the coelomic epithelium that covers the primitive gonads proliferates and forms the cords of cells, called primary sex cords, which grow into the mesenchyme of the developing gonads. The primordial germ cells originate in the wall of the yolk sac, migrate into the embryo, and enter the primary sex cords to give rise to the ova and sperm.
Development of the External Genitalia
 	Although the early development of the external genitalia is similar for both sexes, distinguishing sexual characteristic begins during the ninth week, and external genital organs are fully differentiated by the 12th week of gestation.
· In the fourth week, a genital tubercle develops at the cranial end of the cloacal membrane.
· Labioscrotal swellings and urogenital folds develop off either side of this membrane. The genital tubercle elongates to form a phallus, which is similar in both sexes.
Development of the Male External Genitalia
 	The fetal testes produce androgens that cause the masculinization of the external genitalia.
 	The phallus elongates to form the penis, the urogenital folds fuse on the ventral surface of the penis to form the spongy urethra.
 	The labioscrotal swellings grow toward the median plane and fuse to form the scrotum.
· The line of fusion of the labioscrotal folds is called the scrotal raphe.
Development of the Female External Genitalia
 	Both the urethra and vagina open into the urogenital sinus, the vestibule of the vagina.
 	The urogenital folds become the labia minora, the labioscrotal swellings become the labia majora, and the phallus becomes the clitoris.
Congenital Malformations of the Genital System
· Although congenital malformations of the genital organs are rare, the sonographic team may be requested to determine the gender of the fetus when a gender-linked disorder is considered (i.e., hemophilia, aqueductal stenosis).
· Because these conditions usually occur in male fetuses, identification of male genitalia aids in counseling and diagnostic testing.
· Likewise, the demonstration of abnormal fetal genitalia may be indicative of syndromes of the endocrine and genital systems.
Hypospadias
· Incomplete fusion of the urogenital folds may cause abnormal openings of the urethra along the ventral aspect of the penis.
· This occurs in one in every 300 infants.
· The abnormal urethral orifice may be near the glans penis (glandular hypospadias).
· The other type of hypospadias is called penile hypospadias.
· This results from defective closure of the urogenital folds to cause the urethra to open on the ventral surface of the body of the penis.
Malformations of the Uterus and Vagina
· The formation of the uterus is dependent upon the fusion of two paramesonephric ducts (müllerian ducts).
· If this fusion is incomplete, various forms of duplication of the uterus and/or vagina may occur.
· Complete failure of the fusion gives rise to a duplication of the entire female genital tract, uterus didelphys (double uterus and double vagina).
· Duplication of the uterus (bicornuate uterus) with one vagina also may occur.
· If only one paramesonephric duct develops, a unicornuate uterus (single uterine tube and horn) is formed.
Hydrocele
· This occurs in the male fetus and is seen as an accumulation of serous fluid surrounding the testicle resulting from a communication with the peritoneal cavity.
· They may occur as unilateral or bilateral lesions and are generally benign.
Descent of the Gonads
 	The gonads eventually descend from the abdomen to the pelvis.
 	As this occurs, a diverticulum of the peritoneum, the processus vaginalis, protrudes through the anterior abdominal wall to form the primordium of the inguinal canal.
 	The processus vaginalis is attached to a ligament that extends from the caudal pole of the gonad to the labioscrotal swelling.
 	In the male, the testes remain near the deep inguinal rings until the 28th week.
· They descend through the inguinal canals and enter the scrotum before birth.
· Failure to complete this descent results in undescended testes, cryptorchidism.
· The distal part of the processus vaginalis persists as the tunica vaginalis of the testis.
 	In the female, the ligament attaches to the uterus to form the ovarium ligament and the round ligament.
· The processus vaginalis completely obliterates.
Ambiguous Genitalia
 	This condition occurs when errors take place in determining male or female sexuality, hermaphroditism.
 	True hermaphrodism is a rare condition in which both ovarian and testicular tissues are present. The internal and external genitalia are variable.
 	Most fetuses have a normal karyotype, but some are mosaics (46,XX/46,XY).
 	The sonographer must be careful in making the differential of ambiguous genitalia because penile and clitoral size may vary in the normal fetus.
 	Determination of fetal gender may be critical in establishing a correct differential.
Female Pseudohermaphrodites
 	This fetus has a 46,XX karyotype.
 	The most common cause is congenital virilizing adrenal hyperplasia, which causes masculinization of the external genitalia (enlarged clitoris, abnormalities of the urogenital sinus, and partial fusion of the labia majora).
Male Pseudohermaphrodites
 	This fetus has testes and a 46,XY karyotype.
 	There are variable external and internal genitalia depending on the development of the penis and genital ducts.
Other Pelvic Masses
Hydrometrocolpos
 	Hydrometrocolpos is a collection of fluid in the vagina and uterus.
 	On ultrasound it appears as a hypoechoic “cystlike” mass posterior to the bladder in the area of the uterus.
· These masses may be predominantly cystic, may contain midlevel echoes, or may have fluid–debris levels.
· Echoes within these masses may result from mucous secretions.
· The fluid collection may be so large that it extends into the abdominal cavity or may cause compression of the ureters and hydronephrosis of the kidneys.
Ovarian Cyst
 	An ovarian cyst also may occur in the female fetus.
· This mass often appears as multiseptated and bilateral.
· The ovarian mass results from maternal hormonal stimulation and is usually benign. 
· The mass may twist on itself and may lead to torsion, rupture, or intestinal obstruction.
 	Differential considerations include a mesenteric cyst, urachal cyst, or an enteric duplication.
