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IntroductionChildhood urinary tract anomalies are broadly classifiedinto congenital and acquired. Though many congenitalurinary tract anomalies e.g. posterior urethral valve(PUV), pelviureteric junction obstruction (PUJO) aredetected by antenatal ultrasonography (USG) yet someof them e.g. vesicoureteric reflux (VUR) are easily missedand picked up in postnatal life. Urinary tract calculus isan acquired disease but is often secondary to a pre-existing congenital urinary tract anomaly or repeatedurinary tract infection (UTI).
ClassificationFor descriptive purposes the anomalies are classified asper their site of origin. (Table 1).
KidneyThe presence of supernumerary kidneys is very rare andless than 100 cases have been reported, when present,60% of them are caudal to the ipsilateral kidney.  Thisanomaly occurs more frequently on the left side. Abouthalf of them will join the bladder through separate ureterand half of them join the ipsilateral ureter. The extrakidney has its own renal capsule and blood supply. Mostof these kidneys are asymptomatic and diagnosed at

Abstract
Urinary tract anomalies are a commonly encountered in the pediatric as well as pediatric surgery outpatient departments. As
many of them are detected in antenatal fetal ultrasonographic examination, a proper counselling by an expert paediatric
surgeon is required to alleviate the concerns and doubts of the parents. But in Indian scenario as an expert pediatric surgeon
is often not available in most of the medium-sized cities and smaller towns, the radiologist and the treating paediatrician share
the responsibility of early identification and prompt referral to higher centre for proper management. In this article, we will be
discussing the clinical aspects of various congenital urinary tract anomalies in children in detail, however the embryology and
development of these congenital anomalies is beyond the scope of this article.

Table 1 :  Classification of urologic anomalies in
children

KIDNEY
• Supernumerary kidney
• Renal agenesis: Unilateral / Bilateral Malrotation
• Renal Ectopy
• Fusion anomaly: Horse shoe kidney
• Crossed renal ectopia
• Fetal lobulation
• Cystic disease of kidney
• Hydronephrosis
• Pelviureteric junction obstruction
• Tumours: Wilms tumour
URETER
• Megaureter
• Duplication of ureter
• Ectopic ureter
• Ureterocele
• VUR
BLADDER
• Exstrophy & Epispadias
PUV
URETHRA
• Hypospadias
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the midline joining the two kidneys consists of either renalparenchyma or fibrous tissue. The horseshoe kidney isusually positioned low in the abdomen, with the isthmuslying just below the junction of the inferior mesentericartery and aorta. The reported incidence of horseshoekidney varies from 1 in 400 to 1 in 1800 [3, 4]. In themajority of cases, there are multiple renal vessels. Theblood supply to the isthmus is particularly variable, oftensupplied by a separate vessel. This may arise from theaorta, common iliac, or inferior mesenteric arteries. Areport by Cascio et al found VUR in 13/40 patients withhorse shoe kidney undergoing cystography[5]. Multicysticdysplasia [6] and autosomal dominant polycystic kidneydisease have also been reported [7]. Hypospadias andundescended testes occur in 4% of the males, bicornuateuterus or septate vagina in 7% of females [8].  Retrocavalureter has been found in association with a horseshoekidney in six patients [9].  The diagnosis of a horseshoekidney can be confirmed by a variety of imagingtechniques, including USG, computerised tomography(CT), or magnetic resonance imaging (MRI).Crossed renal ectopia is the second most common fusionanomaly. The ectopic kidney crosses the midline to lie onthe opposite side from its ureteral insertion into thebladder. Figure 1 explains four common types of crossedrenal ectopia. Crossed renal ectopia with fusion is mostcommon type (85%). With all of these abnormalities,there is a slight male predominance and crossing fromleft to right occurs more frequently than right to left.McDonald and McClellan described six different varietiesof crossed ectopia with fusion [10].

autopsy; presence of any other associated renal anomalyshould be looked for in these patients. Unilateral renalagenesis also goes unnoticed in most of the patients butpatients of bilateral renal agenesis (potter’s syndrome)succumb to early respiratory failure secondary topulmonary hypoplasia.Abnormal rotation, or malrotation, is most commonlyassociated with an ectopic or fused kidney, but may alsooccur in kidneys that undergo complete ascent. In thenormal adult kidney, the renal pelvis is oriented mediallyand the calices point laterally. The fetal kidneys undergoa 90° rotation during the 6th–8th weeks of embryonicdevelopment to achieve normal orientation. The mostcommon is an incomplete rotation, or non-rotation. Therenal pelvis is anterior or between the fetal anterior andnormal medial position in the adult. Other major typesof anomalous rotation are reverse rotation and hyper-rotation (excessive rotation >180° & < 360°) in which thekidney faces laterally, but these are rare. In reverserotation, the renal pelvis rotates laterally and the renalvessels cross the kidney anteriorly to reach the hilum. Theanomalies of rotation are usually diagnosed incidentallyduring routine USG examination. Most of the patients areasymptomatic however some may complain of pain afterdeveloping hydronephrosis. It is important to establishthe correct diagnosis and to exclude other pathologicconditions that can produce similar distortion of thekidney. Treatment of malrotation is reserved foralleviation of associated obstruction, calculi, or infectionsecondary to poor drainage.Renal ectopy is described as kidney outside the renalfossa; the incidence of renal ectopy in post-mortemstudies varies from 1 in 500 to 1 in 1290 [1, 2].  There isslight preponderance to left side, 10% cases are bilateral.The renal ectopy can be simple where it remains in theipsilateral retroperitoneal space or crossed where itcrosses midline and reaches the contra lateral side. Mostcommon site for simple renal ectopy is pelvic region(opposite to sacrum below the aortic bifurcation). Akidney is intrathoracic when either a portion or allextends above the diaphragm. This accounts for less than5% of renal ectopy, with an incidence of 1 in 13000autopsies. Anomaly of rotation and fusion oftenaccompany renal ectopy. Ptotic kidney is often confusedwith ectopic kidneys. In ectopic kidney, the length ofureter corresponds to the location but the ureter of ptotickidney is redundant. Ptotic kidney is mobile and can bemanipulated to its normal location. Most of the ectopickidneys are diagnosed after UTI during USG examination.The horseshoe kidney is the most common renal fusionanomaly, with the two renal masses joined at the lowerpoles in more than 90% of cases. The isthmus crossing Figure 1: Types of crossed renal ectopia
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Fetal lobulations are found at autopsy in 17.6% of childrenand in 3.9% of adults. This condition is of no clinicalimportance and should be recognized as a normal variant.Less than 0.3% of children have simple renal cysts andthey are usually not associated with subsequentproblems. Cysts in children usually do not increase in size,and single cysts are commonly located in the right upperpole. Simple renal cysts do not impair renal functionexcept in rare instances. They may play a role in causinginfection or hypertension in some patients. Cysts inchildren occasionally cause pain. These cysts can bemarsupilised by laparoscopy or open surgery. Autosomaldominant polycystic renal disease (ADPKD) andautosomal recessive polycystic renal disease (ARPKD)are genetic disease leading to multilocular renal cysts andearly renal failure. The common features and differencesare mentioned in Table 2. Multi cystic dysplastic kidney(MCDK) is the most common cystic disease diagnosedduring childhood. Most cases are unilateral andasymptomatic; rare bilateral disease is usually fatal atbirth as a result of Potter’s syndrome. The incidence ofMCDK is estimated at one in 2500 newborns [11] it isone of the most common fetal anomalies detected byprenatal ultrasound. It occurs slightly more commonly inthe left kidney [12] and the affected child is more likely

to be male. MCDK is typically composed of cysts of varyingsize that do not appear to communicate and a smallamount of abnormal - appearing renal parenchyma. Theureter from the affected kidney is atretic. On microscopicexamination, the tissue between the cysts is dysplastic,with undifferentiated mesenchymal cells, often withcartilage and immature glomeruli and tubules. The renalcysts are also seen in patients of tuberous sclerosis,Meckel’s Syndrome and Von-Hippel–Lindau disease.Hydronephrosis is dilatation of renal collection systemdue to obstruction or retrograde flow of urine; it can bedue to congenital PUJO or by any pathology leading toobstruction of flow of urine. Severe grades of VUR alsocause hydronephrosis. Hydronephrosis is the mostcommon abnormality detected on maternal - fetalultrasound and accounts for nearly 50% of all prenatallydetected lesions [13].  PUJ obstruction is twice as commonin males as females, particularly in the neonatal period,with 66% occurring on the left side, as opposed to adults,in which there is a predilection for the right side [14].The etiology of PUJO can be intrinsic (non peristalticsegment), extrinsic (crossing lower pole vessel) orintraluminal (calculus/polyp). The most commonpresentation is painless, palpable abdominal mass. It canalso present with symptoms such as pain, fever and UTI.
Table 2 :  Differences between ADPKD and ARPKD.
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Nephroblastoma, or Wilm’s tumor, is an embryonal tumorthat develops from remnants of immature kidney. It is themost common renal tumor of childhood.  Wilm’s tumoraccounts for 6–7% of all childhood cancers. It typicallyaffects young children (median age 3.5 years), althougholder children and occasionally even adults can be affected.Wilm’s tumor occurs at an earlier median age in childrenwith bilateral tumors, 29.5 months for boys and 32.6months for girls. Most children present as painlesspalpable abdominal mass, it has an overall good prognosiswith 100% five year survival rate in stage 1 disease andmore than 90% five year survival in stage 2 patients.
Ureter & BladderMegaureter describes a ureter that is abnormallyenlarged. The ureter may be greatly elongated andtortuous as well. In general, the two principal pathologictypes of megaureter are those that are obstructed andthose with massive vesicoureteral reflux. A duplex(duplicated) system indicates a kidney with twopelvicaliceal systems. Complete duplication indicates akidney with two ureters that drain separately into orbelow the bladder. Incomplete duplication refers to a kidneywith two ureters that fuse into a single unit that drainsinto the bladder through a single orifice. A bifid system is aform of incomplete duplication. An ectopic ureter refersto a ureter that drains into an abnormal site. The ectopicureter in male drains above the sphincter and hence iscontinent whereas in females it drains below sphinctermaking them incontinent. An ureterocele is a cysticdilatation of the lower end of the ureter where it joinsthe epithelium of the lower urinary tract. An intravesicalureterocele lies entirely within the bladder, whereas anectopic ureterocele has a portion that lies below thebladder neck. Ureteroceles are called single system whenassociated with a single ureter and duplex system whenassociated with a double ureter.Vesicoureteral Reflux (VUR), which is the abnormal flowof urine from the bladder to the kidney, allows bacteriafrom the bladder to gain access to the kidney. By itself,VUR does not cause UTI; bacteriuria must be present inthe setting of VUR for UTI to develop. VUR is classified asin figure 2. The treatment of VUR can be medical,endoscopic or surgical based on grade of VUR [15].In classic bladder exstrophy, the size of the exposed bladderalso varies. The exposed bladder plate may be large, withwide diastasis of the pubis, or one or both sides of thebladder patch may be small and hypoplastic. Although theupper urinary tracts are usually normal at the time ofbirth, hydroureteronephrosis does occur.  After birth, themucosa of the exposed bladder may, over time, undergometaplasia associated with chronic inflammation, edema,

and fibrosis. This, in turn, may lead to chronic ureteralobstruction and hydroureteronephrosis.

Figure 2: Classification of VUR. Based on voiding
cystourethrogram. Grade I: reflux only to non dilated ureter and
not reaching pelvis. Grade II: reflux reaching renal pelvis but ureter
is not dilated. Grade III: reflux in dilated ureters but calices are not
dilated. Grade IV: reflux is causing dilatation of renal calices but
papillary impressions are maintained. Grade V: reflux causing loss
of papillary impressions. Each ureter is graded separately.

UrethraPosterior urethral valves (PUV) are the most commonobstructive anomaly of the urethra. The incidence isbetween 1 in 5000 and 1 in 8000 male births. Most casesof PUV are detected prenatally by ultrasound showinghydronephrosis and/ or a distended thick-walled bladder.Postnatally, USG will show a thickened bladder wall andclassically a dilated and elongated posterior urethra.Hydronephrosis will vary in degree and may be unilateralor bilateral.Hypospadias is the most common congenital urologicanomaly. It occurs in 1 in 125 newborns. Hypospadiascan be defined as an arrest in normal development of theurethra, foreskin, and ventral aspect of the penis resultingin various anomalies such as chordee or excessive ventralcurvature, spatula like glans penis and dorsally hoodedprepuce [11].  Hypospadias is classified as per locationof meatus (Figure 3). Surgical aim is to achieve straightpenis with meatus at the tip.

Figure  3: Classification of hypospadias based on location of meatus.
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The identification of a urologic anomaly in children is achallenging issue; most of these have varied presentationand presence of associated anomalies makes theiridentification and management difficult. Whenever theseanomalies are encountered by a radiologist orpaediatrician it should be promptly referred to a pediatricsurgeon for evaluation and management.
ConclusionTo summarize, variety of congenital and acquired urinarytract anomalies occur in children with some of themescaping detection in antenatal period and presenting inchildhood. A combined approach of a pediatric surgeonand radiologist is often required not only for earlydiagnosis but for optimal and early management.
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