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Abstract 

Regular ultrasound examinations carried out in the second trimester of pregnancy help in detecting 

many anomalies in the fetal urinary tract. Their percentage ranges from 1% to 3% of all controlled 

pregnancies. There is a wide spectrum of anomalies that affect the urinary tract, but the most 

significant are: uretero/hydronephrosis (unilateral or bilateral), kidney agenesis, dysplastic kidney, 

polycystic and multicystic kidneys, anomalies of ascent, anomalies of kidney rotation or fusion, 

bladder exstrophy, posterior urethra valve etc. 

Many of these anomalies do not have impact either on urine flow or on kidney function and hence 

they can be qualified rather as a condition than as a disease. At the same time, most of the 

hydronephroses that are seen prenatally are being resolved spontaneously, and they are not detected 

neither presented postnatally as uretero/hydronephroses of unobstructed type and do not require 

surgical treatment. Only one tenth of these anomalies are subject to active surgical treatment.  

Therefore, the assessment of these conditions should be done by a specialized team, who will make 

adequate therapeutic decisions based on clinical guidelines, as well as will advise the parents on the 

future clinical implications of the detected anomaly. 
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Introduction 

The basic function of the kidney is to pro-

duce protein free ultra-filtrate (urine) that con-

tains adequate quantity of water, electrolytes 

and end products of the metabolism, by which 

homeostasis of the human organism is actively 

maintained. In addition, the kidney produces 

two hormones, renin and angiotensin, and at 

the same time it participates in the metabolism 

of vitamin D. The function of the urinary tract 

is to collect and eliminate the produced urine. 

When there are structural disorders along 

the urinary tract that obstruct urine flow, there 

are preconditions for development of obstruct-

tive uropathy. Thus, the term obstructive uro-

pathy is defined as a damage of the kidney 

parenchyma when there is a presence of 

obstruction at any level of the urinary tract [1].  

The most significant consequence of the 

upper urinary tract obstruction is dilatation of 

the collecting system – hydronephrosis. Since 

dilatation of the renal pelvis and calyces may be 

present without obstruction, the term hydroneph-

rosis should be used as a descriptive, anatomic 

entity, which defines only increasing – dilata-

tion of the collecting system of the kidney [2]. 

The urinary system obstruction is one of 

the most common entities encountered by pe-

diatric urologists. Despite the clear definition 

which provides easy recognition of the effects 

of chronic obstruction by the appearance of 

hydronephrosis, parenchymal atrophy and poor 

kidney function, these features also appear in 

conditions when morphologic disorders appea-

red during embryonic development, which have 

afterwards been resolved and hence the obser-
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ved kidney does not have to be in the condition 

of obstruction [3].  

 

Diagnostic procedures 

Ultrasound Scan (US) 

Prenatal ultrasound examinations 

Fetal urine production begins between 10 

and 12 weeks of gestation. The largest quantity 

of the urine participates in the volume of amni-

otic fluid and it is an essential factor for lung 

development in the fetus. (3) Normal kidney is 

visualized from 18 to 20 weeks of pregnancy, a 

period convenient for routine ultrasound exa-

minations. In this period, dilatation of the uri-

nary tract (as indirect sign of obstruction) can 

be detected in conjunction with some other struc-

tural anomalies and oligohydramnios, which 

suggest impaired kidney function [4, 5]. Gri-

glin [6] and Blyth [7] have introduced classifi-

cation of hydronephrosis grading. Coelho [8] 

applies classification that has a predictive value 

for postnatal hydronephrosis manifestation: in 

the second trimester – mild grade if pelvic ante-

roposterior diameter (APD) ranges from 4 to 7 

mm, moderate if APD is from 7 to 10 mm and 

severe if APD is over 10 mm. In addition, 

structural anomalies (cystic formations, fusion 

of kidneys etc.) can be detected while if the 

bladder is not visualized on repeated controls, 

there is a doubt about its exstrophy. Cases with 

moderate and severe grade of hydronephrosis 

should also be evaluated in the third trimester 

of pregnancy (Fig. 1). 

 

 

Fig. 1 – Prenatally diagnosed bilateral hydronephrosis 
 

Postnatal ultrasound examinations 

Although kidney function cannot be as-

sessed by ultrasound, numerous and valuable 

pieces of information can be obtained, among 

which are: morphology, form, size and position 

of the kidney, then echogenicity; parenchymal 

thickness; uretero/hydronephrosis. Dilatation 

along the urinary tract is determined according 

to hydronephrosis grading system in five gra-

des (from 0 to 4) according by the Society for 

Fetal Urology (SFU) [9].  

Radiological investigations 
Excretory urography 

Excretory urography is the oldest method 

for diagnosis of hydronephrosis. This technique 

provides excellent data about morphology and 

partly, however not adequately quantified data 

about the function of the obstructed kidney. Its 

application is limited in current clinical practice. 

Micturating cystourethrography (MCUG) 
MCUG is performed in order to confirm 

or exclude subvesical obstruction as well as the 

presence of vesicoureteral reflux (VUR) (Fig. 2). 

 

 

Fig. 2 – MCUG: Bilateral vesicoureretral reflux 
 

Imaging techniques: computerized tomo-

graphy and magnetic resonance 

Computed tomography (CT) has a role in 

complementary explanation of more complex 

anomalies where hydronephrosis is present, such 

as duplex canal system, solitary kidneys, cros-

sed ectopia etc.  

By applying MRI urography as a non-

ionizing technique which aids in visualization 

of the whole urinary tract morphology, the CT 

use has decreased. At the same time, the appli-

cation of gadolinium, bound to DTPA through 

a software system, the functional ability of the 

kidney can be seen [10] (Fig. 3). 
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Fig. 3 – MRI urography (Bilateral UPJ stenosis and 

UPJ stenosis on right side) 
 

Prenatal MR is indicated in precisely se-

lected cases.   

Radioisotopic investigations 

Nuclear-medical methods are considered 

as techniques of primary importance for initial 

diagnosis and monitoring/screening of renal di-

seases in children. They are highly-sensitive 

techniques that enable early detection of dise-

ases. Nuclear medicine provides unique func-

tional and anatomical information by relatively 

low-dose radiation (Fig. 4). 

 

 

Fig. 4 – DMSA renal scan: Horseshoe kidney 
 

Dynamic renography 

Diuretic radioisotope renography (DRRG) 

has enormous role in diagnosing the obstructti-

ve uropathies. DRRG is a physiologic study, 

which estimates the possibility of the kidney to 

respond to the diuretic-induced volume change. 

Analyzing the data obtained by DRRG the pre-

sence of obstruction is estimated by the model 

of radio-renogram curve by T/2 (the time when 

50% of the tracer of the zone of interest is eli-

minated). In addition, the relative function (per-

centage of glomerular filtration rate – GFR) of 

the kidneys is determined [11]. 

Renal cortical scintigraphy is safe and 

practical imaging technique for initial evalu-

ation and follow-up/monitoring of children 

with cortical renal impairment. This technique 

aids in determining parenchymal volume with-

out interference of radiotracer from collecting 

system [12].  
 

Classicifaction 
The following classification of congenital 

ureteral anomalies is based more on structure 

rather than on functional disorders [13]. 
 

A. Kidney 

  Anomalies of number 

 Agenesis (bilateral, unilateral) 

 Supernumerary kidney 

 Anomalies of volume and structure 

 Hypoplasia  

 Multicystic kidney 

 Polycystic kidney (infantile, adult, me-

dullary cystic disease, other cystic dise-

ases) 

 Anomalies of ascent 

 Ectopia: thoracic, proximal, pelvic, cros-

sed (with or without fusion) 

 Anomalies of form and/or fusion 

 Crossed ectopia with or without fusion 

 Unilateral fused kidney (Sigmoid or S-

shaped kidney, L-shaped kidney, disc-like 

kidney, horseshoe kidney)  

 Anomalies of rotation  

 Incomplete, excessive and reverse 

 Anomalies of renal vasculature  

 Aberrant, accessory, or multiple vessels; 

renal artery aneurysm; arteriovenous fis-

tula 

 Anomalies of the collecting system 

 Calyx and infundibulum  

 Calyceal diverticulum, hydrocalyx, 

megacalyx, extrarenal calyx. 

 Pelvis  

 Exstrarenal pelvis, bifid pelvis, pyelo-

ureteral stenosis. 

 

B. Ureter 

 Hydroureter (megaureter) 

 Obstructed 

 Vesicoureteral reflux (VUR) 
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 Obstruction + VUR 

 Unobstructed, nonrefluxing 

 Anomalies in entering the urinary bladder  

 Ureteral duplication 

 Ureterocele 

 

C. Urinary bladder 

 Bladder exstrophy 

 Neurogenic urinary bladder (primary, secon-

dary)  

 

D. Urethra 

 Posterior urethral valve  

 Posterior urethral diverticulum  

 Hypospadias 

 Epispadias 

 

In general, functional disorders as a result 

of congenital urinary tract anomalies affect the 

normal flow of urine. First of all, obstructions 

that appear lead to dilatation of the urinary sys-

tem with subsequent loss of renal function. 

The most common classification of func-

tional dysfunction of the urinary tract is as 

follows: 

 
A. Upper urinary tract 

 Obstruction of pyeloureteral segment 

(hydronephrosis) (Fig. 5) 

 Obstruction of ureterovesical junction 

(ureterohydornephrosis) (Fig. 6) 

B. Lower urinary tract 

 Urinary bladder (unilateral or bilate-

ral ureterohydronephrosis) 

 Subvesical obstruction (bilateral urete-

rohydronephrosis) 

 

Fig. 5 – Ureteropelvic junction obstruction (A. Vas 

Aberans; Б. High insertion; B. Stenosis) 
 

 

Fig. 6 – Prevesical ureteric stenosis 
 

Hydornephrosis/ureterohydronephrosis 

Hydronephrosis is a descriptive, anato-

mic entity defining dilatation of the renal col-

lecting system. Chronic renal obstruction leads 

to onset of hydronephrosis, parenchymal atrophy 

and poor renal function. Obstruction causes hy-

dronephrosis and hydronephrosis is not an equi-

valent to obstruction. Most often, nonobstruc-

ted uretero/hyronephrosis is a result of a spon-

taneously or surgically managed developmental 

anomaly or it is a diuretic phenomenon [14]. 

Distinction between obstructive and non-

obstructive processes is based on the following 

facts: 

 Unobstructed urinary tract transports 

urine throughout the entire physiologic 

range, without significant deformation 

changes and without increase in intralu-

minal pressures that would cause renal 

failure impairment. 

 Obstructed system is more efficient in 

transporting small volumes than large 

ones [15]. 

To make a correct diagnosis a number of 

anatomic and functional investigations (US, MRI, 

MCUG, radioisotope methods) have to be con-

ducted. 

Pathophysiology of the  

obstructed kidney  

Obstructive uropathy produces obstruct-

tive nephropathy via a hemodynamic cascade 

reaction that causes ischemic injury. Preglo-

merular arteriolar vasoconstriction is mediated 

by the renin-angiotensin system. Animal stu-

dies have shown that this system increases an-
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giotensin-dependent vascular tonus of the obst-

ructed kidney and decreases that of the oppo-

site kidney, thus explaining the compensatory 

hypertrophy of the healthy kidney.  

Partial ureteral obstruction causes active-

tion of other vasoactive substances: thrombo-

xane-A2, nitric monoxide and other eicosano-

ids. Other factors that cause kidney lesion are: 

1. Mediators of inflammatory response; 2. Cel-

lular apoptosis (programmed cellular death – 

modulated by the epidermal growth-factor); 3. 

Cytokine growth-factor β (initiates interstitial 

fibrosis); 4. Activation of the kallikrein-kinin 

system (impairs sodium metabolism); 5. Com-

plexity in the pathophysiology [16–19]. 

Pathohistology of the  

obstructed kidney 

In the beginning the dilatation of collec-

ting tubules as well as deposition of fibroblasts 

and macrophages are predominating in the 

patho-anatomic substrate. Later, the collagen is 

transformed into fibrous tissue, manifested as 

interstitial and tubular fibrous degeneration, 

and in the end glomerular sclerosis develops, 

hence the entire functional kidney capacity is 

decreased [1, 20]. 

Incidence 

Hydronephrosis is prenatally detected in 

1%–3% of all controlled pregnancies, and 50% 

of them are verified postnatally. For compari-

son: the incidence of the most commonly sur-

gically treated anomaly (pyelo-ureteral obstruc-

tion) is 1 : 1500 infants. About 10–20% of pre-

natally detected urinary anomalies require post-

natal surgical treatment [21]. 

 

Postnatal approach to infants  

with prenatally detected anomalies  

of the urinary tract  

By rule and due to the neonate’s physio-

logy the postnatal ultrasound is done the 3rd day 

after birth at the earliest. Early exams might 

underestimate or might not detect the degree of 

hydronephrosis [22, 23]. 

 
Treatment at tertiary level 

In severe cases the neonate should be 

assessed immediately after birth by a nephro-

logy/urology team of experts. Urgent series of 

US exams, determination of electrolytes, urea 

and blood creatinine are recommended in these 

infants. 

This group comprises infants with the 

following anomalies: 

 Abnormal urinary bladder and/or histo-

ry of oligo/anhydramnios; 

 Severe form of bilateral ureterohydro-

nephrosis (APD > 20 mm); 

 Solitary kidney with expressed dilate-

tion of the upper urinary tract; 

 Bilateral hypoechogenic kidneys; 

 Autosomal recessive polycystic kidney 

disease (large “bright/echogenic” kid-

neys). 

Early consultation  

with a nephrologist/urologist 

It is necessary to make US in the second 

week after birth. 

Newborns with the following anomalies 

belong to this group: 

 Severe unilateral hydronephrosis (APD 

> 20 mm), with or without dilated ureter; 

 Bilateral hydronephrosis (APD>10 mm); 

 Large multicystic kidney (> 6 cm); 

 Multicystic kidney with contra-lateral 

ureteral dilation; 

 Duplex kidney with ureterocele. 

Antibiotic prophylaxis 

Antibiotics (trimetroprim 2 mg/kg in the 

evening) are to be given to the newborns with 

these features: 

 Abnormal urinary bladder and/or history 

of oligo/anhydramnios; 

 Bilateral hydronephrosis (APD>10 mm); 

 Duplex kidney with ureterocele; 

 Multicystic kidney with anomaly in the 

opposite kidney and ureter. 

The following cases do not require anti-

biotic prophylaxis. 

 Moderate degree of hydronephrosis; 

 Multicystic kidney with normal contra-

lateral/opposite kidney. 

Regular consultations with  

a pediatrician/nephrologist 

It is recommended to make US the first 

month after birth, and control visits at 3 to 6 

months in the following cases: 

 Moderate hydronephrosis with these 

characteristics: 
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- Unilateral pelvic dilatation smaller than 

15 mm; 

- Bilateral pelvic dilatation smaller than 

10 mm; 

- Normal calyces; 

- Normal echogenic kidney; 

- Normal length of the kidney; 

- Normal opposite kidney; 

- Absence of ureteral dilation; 

- Normal urinary bladder. 

 Multicystic kidney with normal contra-

lateral/opposite kidney (necessary veri-

fication at 6-month-age with DMSA ra-

dioisotope scan). 

Regular consultations with  

a family pediatrician 

Newborns who have been diagnosed with 

a minor anomalies of the urinary tract, inclu-

ding hydroneprhosis that has withdrawn during 

control prenatal scans, have to be taken to their 

family pediatricians for regular check-ups. 

Additional investigations 

In cases of suspicion of subvesical ob-

struction or vesicoureteral reflux micturating 

urethrocystography has to be conducted one 

month after birth. Diuretic radioreniogram is 

advised in order to define the existence of pye-

loureteral or ureterovesical junction obstruction. 

Discussion and conclusion 

The incidence of urinary tract anomalies 

detected by prenatal screening is extremely high 

(up to 3%). This piece of information causes 

anxiety in parents, with suspicion of insecure 

future for the fetus. Due to insufficient know-

ledge medical professionals who are not very 

familiar with this problem can increase the 

suspicions in the future parents-to-be. 

It is known that a large number of ano-

malies (ectopia, malrotation, fusion of the kid-

neys) do not affect urine drainage, and hence 

do not damage kidney function. Therefore, they 

are to be defined as a condition rather than a 

disease. In more than 50% of cases, prenatal 

hydronephrosis is not detected postnatally. 

Additionally, quite a large number of postna-

tally detected hydronephrosis are being self-

resolved during the embryonic development. 

On the other hand, there are conditions 

that require active surgical treatment (all obst-

ructions at the level of the upper and lower uri-

nary tract). Some anomalies (exstrophy of uri-

nary bladder, posterior urethral valve) ask for a 

long-term and uncertain treatment, and even in 

some series they are a cause for abortion (in 

25–50% of cases). Overall, less than 10% of 

prenatally detected anomalies require active 

surgical treatment (Fig. 7). 

 

 

Fig. 7 – Vesical exstrophy 

 

These conditions have to be subject of a 

team approach (gynecologist – perinatologist, 

pediatrician – neonatologist/nephrologist, pedi-

atric surgeon/urologist). Thus, it is necessary to 

prepare a clinical guide (algorithm). This is the 

only way how we can reach the ideal: not a 

single unnecessary surgery or a single lost kid-

ney. 

Parents should consult and counsel with 

the members of the expert team in order to 

make quality-informed decisions about the 

future of their children. 
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Како резулатат на редовните ултразвучни 

контроли, во вториот триместар од бременоста 

се дијагностицираат голем број аномалии на 

уринарниот тракт на плодот. Нивниот процент 

се движи од 1% до 3% од сите контролирани 

болести. Постои широк спектар на аномалии 

што го засегаат уринарниот тракт, но најзна-

чајни се следниве: уретеро/хидронефроза (едно-

страна или двострана), агенезија на бубрег, дис-

пластичен бубрег, полицистични и мултицис-

тични бубрези, аномалии во позиција, ротација 

или фузија на бубрезите, екстрофија на мочниот 

меур, валвула на задна уретра и др.  

Голем број од овие аномалии не даваат 

реперкусии на уротекот, а со тоа ниту на функ-

цијата на бубрегот, поради што можат да се 

квалификуваат како состојба, а не како болест. 

Воедно, поголемиот дел од хидронефрозите што 

се визуелизираат пренатално спонтано се разре-

шуваат, така што постнатално или не се детек-

тираат или се презентираат како уретеро/хидро-

нефрози од неопструктивен тип и не се предмет 

на хируршки третман. Само една десеттина од 

овие аномалии се предмет на активно опера-

тивно лекување. 

Затоа процената на овие состојби треба да 

е предмет на специјализиран тим, кој согласно 

со клиничко упатство ќе носи соодветни тера-

певтски решенија и квалитетно ќе ги советува 

родителите за идните клинички импликации на 

детектираната аномалија. 
 

Kлучни зборови: пренатални ултразвучни прегледи, 

аномалии на уринарниот тракт, третман 
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