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Abstract: The article is devoted to the analysis of literature data on the clinical features of
congenital anomalies of the kidneys and urinary tract in newborns. It is noted that at present,
various types of congenital anomalies of the kidneys and urinary tract in children have been
identified, but they do not fully reflect the clinical features of the pathologies. It is necessary to
conduct morphological studies in this area for a full justification and correct verification of the
diagnosis.
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Relevance. The term CAKUT includes combined congenital anomalies of the kidney and urinary
tract (Barakat A. J., 1991). CAKUT is a heterogeneous group of combined congenital anomalies
of the kidney and urinary tract, which are often diagnosed prenatally and in newborns [9, 13, 27].

In foreign literature, the terminology Congenital anomalies of the kidney and urinary tract
(CAKUT) is used [26, 30, 54].

Taking into account modern data, CAKUT is a group of unilateral or bilateral congenital
anomalies of the kidneys and urinary tract, characterized by phenotypic and genetic
heterogeneity with varying degrees of clinical manifestations and severity [49].

For the first time, A. J. Barakat and J. G. Drougas (1991) systematized combined CAKUT,
identifying anomalies of the kidneys, ureters, bladder and urethra:

I. Congenital anomalies of kidney development:
Agenesis/aplasia of the kidney

Dysplasia of the kidney: multicystic kidney, cystic kidney, hypoplasia of the kidney
Hydronephrosis

Ectopia of the kidney

Anomalies of the relative position of the kidneys
I1. Congenital anomalies of the ureters:
Megaureter

Vesicoureteral reflux (VUR)

Duplicate ureters

Stenosis of the ureteropelvic segment

Stenosis of the ureteral pelvis
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I11. Congenital anomalies of the urinary bladder:
Bladder exstrophy

Neurogenic bladder dysfunction (NBD)

Bladder diverticulum

IV. Congenital anomalies of the urethra:
Posterior urethral valve

Anterior urethral obstruction.

In 2019, E. Winnicki and H. Copp [54] supplemented the classification of A. J. Barakat and J. G.
Drougas (1991) CAKUT:

1) Congenital anomalies of kidney development

Duplexion of the kidney (unilateral and bilateral, complete and incomplete)
Duplexion of the collecting system of the kidney

2) Congenital anomalies of the ureters

Ureterocele

Ectopia of the ureteral orifice.

In pediatric patients, CAKUT is considered as isolated (a combination of congenital anomalies
of the kidneys and urinary tract) and syndromic (a combination of congenital anomalies of the
kidneys and urinary tract with developmental anomalies of other organs and systems) [26, 27,
34, 50].

N. Ganesan et al. (2023) in a study of 255 patients found CAKUT in 45: isolated (27%),
syndromic (51%) and CAKUT with congenital anomalies of other organs and systems (22%)
[26].

I. Congenital anomalies of kidney development
Anomalies of the number of kidneys

Bilateral renal agenesis or POTTER syndrome is a congenital malformation incompatible with
life. The incidence rate is 1:10,000 newborns [46]. Patients with POTTER syndrome are
characterized by "P" - pulmonary hypoplasia - hypoplasia of the lungs, "O" - oligohydramnios -
oligohydramnios, "T" - twisted face - facial deformations, "T" - twisted skin - folded "senile"
skin, "E" - extremity defects - limb deformations, "R" - renal failure - lack of function of both
kidneys in the fetus, most often due to bilateral renal agenesis [1, 2].

In unilateral renal agenesis, one of the kidneys together with the ureter is completely absent. The
incidence is 1:2000 — 1:5000 live births. It is more common in boys, and in 59% of cases,
agenesis of the left kidney is diagnosed [46]. It can be combined with other defects of the urinary
system (absence of half of the urinary triangle, absence of one of the ureteral orifices and/or a
blind-ending ureter with a normal localization of its orifice in the bladder) and malformations of
other organs and systems (esophageal atresia, heart defects, malformations of the gonads in girls,
and testicular hypoplasia in boys). In patients with unilateral renal agenesis, microalbuminuria
was detected in 21%, renal arterial hypertension in 16%, and CKD C3-5 in 10% of cases [54].

S. G. Woud et al. (2023) presented the results of a 20-year cohort study of 944 patients with a
single kidney, 75% of which were due to agenesis of the contralateral kidney and 25% due to
nephrectomy of the contralateral kidney for various reasons. Patients with a combination of
unilateral renal agenesis with other VAPM or malformations of other organs and systems were
not included in this study. The authors found that 6% of patients with unilateral renal agenesis
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were diagnosed with a significant decrease in SCF by the age of 15 years and 30% by the age of
30 years [53].

In renal aplasia, the kidney is macroscopically absent, but histologically, embryonic tissues are
identified in the mesenchyme with a rudimentary ureter. Aplasia is divided into unilateral and
bilateral. Unilateral aplasia does not affect life expectancy. In contrast to hypoplasia, in renal
aplasia there is a rudimentary organ rudiment without a pelvis and vascular pedicle [46].
Frequency of occurrence: 1:1000 newborns [24].

Kidney doubling is the division of the kidney into two segments: the main (lower) and additional
(upper), while the renal parenchyma is one, its increase in longitudinal size is noted. The
frequency of occurrence is 1:150 newborns. Kidney doubling is divided into unilateral and
bilateral, complete and incomplete [6]. With complete doubling, both renal pelvises and both
ureters open into the bladder with two orifices. The main orifice opens in the corner of the Lieto
triangle. The accessory orifice may be ectopic in the bladder neck or extravesical: in girls, distal
to the internal urethral opening (into the urethra, genitals, and derivatives of the urogenital
sinus), in boys, always above the external urethral sphincter (into the seminal vesicle, seminal
tubercle). In incomplete doubling, the two ureters join at different levels: from the renal hilum to
the intramural part of the ureter. Doubling of the kidney often leads to the development of
vesicoureteral and uretero-ureteral reflux [24, 46].

Multicystic renal dysplasia (non-functioning) is a severe form of renal dysplasia in which the
parenchyma is absent and completely replaced by a conglomerate of multiple, tightly adjacent
thin-walled cysts of varying sizes that have no blood flow and do not communicate with each
other; the renal pelvis and ureter are abnormally formed or absent [1, 2, 3, 29, 40]. The incidence
of unilateral multicystic renal dysplasia is 1:3000-5000, and bilateral — 1:10,000 [33,41,43].

Anomalies of kidney size

In Russian literature, kidney dysplasia includes rudimentary and dwarf kidneys. The incidence of
kidney dysplasia is 1:4,000 — 1:4,500 live-born newborns [38].

A rudimentary kidney is an organ whose development has stopped at an early stage of the
embryonic period.

The dwarf kidney is significantly reduced in size (up to 2-5 cm) and the number of glomeruli in
its parenchyma is sharply reduced, while the interstitial fibrous tissue is excessively developed.
The number of renal vessels and their caliber are also significantly reduced, the ureter is
sometimes obliterated. This form of renal dysplasia is often complicated by nephrogenic arterial
hypertension [11].

Renal hypoplasia refers to congenital anomalies of size and is a decrease in the size of the kidney
by more than 2 sigmoid deviations from the norm. Unilateral and bilateral renal hypoplasia are
distinguished. A hypoplastic kidney has a smooth outer contour, a reduced ultrasound-metric
volume of the kidney compared to the age norm, uniformly thinned parenchyma with normal
echogenicity, fewer lobes and pyramids, and less than 5 calyces are visualized [12]. Renal
hypoplasia is a common cause of parenchymal arterial hypertension, progression of CKD to
stage C5 [32].

Anomalies of kidney location

Dystopia (ectopia) of the kidney is characterized by abnormal location of the kidney. The
incidence rate is 1:900 live births. According to the location, dystopia is divided into thoracic,
lumbar, iliac, pelvic and crossed [38].

Thoracic dystopia of the kidney is often combined with congenital diaphragmatic hernia and,
when initially detected, differential diagnosis with mediastinal tumors is required.

Lumbar dystopia of the kidney remains in the lumbar region, but is located lower than usual. It is
often increased in length [38].
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With iliac dystopia, the kidney is visualized at the entrance to the large pelvis. Lumbar and iliac
dystopia in children often manifests itself as abdominal pain syndrome and dysuric phenomena
[24].

With pelvic dystopia, the kidney is visualized behind the bladder in men and behind the uterus in
women. Pelvic dystopia accounts for 40% of all ectopic kidneys; when initially detected,
differential diagnostics with tumors of the pelvic organs is required [38].

In crossed dystopia, one kidney is displaced to the opposite side, so that both kidneys are located
on the same side. It is usually asymptomatic. In 50% of cases, crossed dystopia of the kidney is
combined with anomalies in the development of the reproductive system (cryptorchidism or
absence of the vas deferens in men and vaginal atresia or uterine defects in women) [46].

Anomalies in the relative position of the kidneys include adhesions of the kidneys, which make
up 15-20% of all renal anomalies. Symmetrical (horseshoe-shaped, biscuit-shaped) and
asymmetric adhesions (S-, I- and L-shaped kidneys) are distinguished [51].

Horseshoe kidney develops when kidneys of the same poles fuse, most often the lower (90%)
and very rarely the upper poles. It accounts for 90% of all anomalies of the relative position of
the kidneys and 10-15% of all congenital anomalies of the kidneys. The isthmus of the
horseshoe kidney can be located in the midline or laterally, which leads to an asymmetric
horseshoe kidney, 70% of which remains dominant. The isthmus in 80% of cases consists of
renal parenchyma (functioning), in 20% of cases of fibrous cord (non-functioning) and is located
anterior to the aorta and inferior vena cava, mainly at the level of the L3-L4 vertebrae. The
incidence is 1:400-1:500 newborns, more often in boys [37, 39].

According to the literature, 50% of children with horseshoe kidneys are diagnosed with VUR
and recurrent urinary tract infections, 5% with developmental anomalies of the genitals, and 3%
with VACTERL association [36, 44].

A horseshoe kidney is a symmetrical fusion of the kidneys along their medial surface in the
embryonic period, even before the completion of rotation with a violation of subsequent upward
movement and the formation of an atypical bed.

S-shaped kidney is characterized by asymmetric fusion of the kidneys by the upper pole of one
kidney with the lower pole of the other, while the kidney resembles the Latin letter "S". The
incidence rate is 1:4,000 newborns [54].

L-shaped kidney is an asymmetric fusion of the kidneys, in which the long axes of the kidneys
are perpendicular to each other at the level of the spine or sacrum, the cavity system is atypical
and does not have a specific characteristic shape. The incidence rate is 1:4,000 newborns.

I-shaped kidney is an asymmetric fusion of the kidneys by the lower pole of one kidney and the
upper pole of the other, while the longitudinal axes of the kidneys coincide [46].

I1. Congenital anomalies of ureter development

Megaureter (neuromuscular dysplasia of the ureter) is a collective term that includes various
types of ureter dilation. Megaureter is formed as a result of dilation of the collecting system of
the kidney and ureter in VUR 111 — V. It occurs 1.5 times more often in women than in men [24].

Hydronephrosis is a persistent, progressive expansion of the renal cystic system, leading to
impaired urine  outflow. Hydronephrosis with ureteral dilation is considered
ureterohydronephrosis. A. V. Papayan and E. N. Stolova (1999) developed a classification of
organic and functional obstructions and obstructive nephropathies in childhood [14,18].

Vesicoureteral reflux (VUR) is divided into passive or active retrograde reflux of urine from the
bladder into the upper urinary tract, leading to damage to the tissues of the kidney and ureter,
constant infection of the urinary system, the development of reflux nephropathy, nephrogenic
arterial hypertension, and CKD [15, 17, 20, 42].
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VUR is considered as primary and secondary. Primary reflux is understood as an isolated
developmental anomaly characterized by the presence of various types of dysplasia of the
vesicoureteral junction. Secondary reflux is considered to be its manifestation in other
developmental anomalies or disorders of the urinary tract, with dysfunction of the vesicoureteral
junction. VUR is divided into passive, occurring at rest, active - during urination and passive-
active (mixed) [16, 31, 52].

The degree of VUR I-V is determined according to the international radiological classification
of R.L. Lebowitz, H. Olbing, K.V. Parkkulainen et al. (1985) by the degree of urine regurgitation
and changes in the ureters and renal cavity systems [10, 19].

VUR in childhood is often characterized by an erased or asymptomatic form [8]. According to
I.M. Umalatova and G.M. Letifov (2018), the incidence of VUR is 1-3% of the population [20].

H. Miyakita et al. (2020) provided the results of a meta-analysis of 770 children and reported
that the incidence of VUR in the structure of kidney and urinary system diseases is 0.4-1.8%.
According to their data, VUR is diagnosed during examination of a patient with frequent UTIs
(88%), with dysfunctions of the bladder and intestines (4%), with no clinical manifestations, but
with a burdened heredity for VUR (7.4%) and examination of a newborn with suspected
hydronephrosis based on the results of antenatal ultrasound (1%) [36].

Ureteral duplication is classified as complete and incomplete. In complete duplication, both
ureters go separately to the bladder. In incomplete duplication, the ureters merge with each other,
not reaching the bladder at different levels. Ureteral duplication is often unilateral, combined
with kidney duplication, with each ureter originating from a separate pelvis [46].

Stenosis of the ureteropelvic junction is a common cause of hydronephrosis diagnosed by
ultrasound during pregnancy. In children, in 60% of cases, obstruction is localized on the left, in
boys it occurs twice as often as in girls. In 10% of cases, obstruction is bilateral. Due to high
intrarenal pressure, stenosis of the ureteropelvic junction leads to hydronephrosis and significant
deterioration of kidney function [35].

Stenosis of the ureteral pelvis is a narrowing of the ureter at its border with the renal pelvis,
which prevents the outflow of urine from the pelvis; functional and organic stenosis of the
ureteral pelvis are distinguished.

Ureteroceles are formed by intravesical hernia-like protrusion of all layers of the intramural
section of the ureter. A distinction is made between ectopic (always accompanies kidney
doubling and affects its accessory segment) and orthotopic (rarely reaches large sizes and is
almost never encountered) ureteroceles. Depending on the level of ectopia of the orifice of the
accessory ureter and the degree of its stenosis, three stages of ectopic ureterocele are
distinguished:

Stage | is accompanied by ureterohydronephrosis of the upper half of the duplicated kidney;
Stage Il leads to total ureterohydronephrosis on the affected side; Stage Il is accompanied by
bilateral ureterohydronephrosis, and sometimes there are prolapses of ectopic ureterocele from
the external opening of the urethra in girls.

Ectopia of the ureteral orifice is characterized by an abnormal location of the ureteral orifice in
the posterior part of the urethra, vaginal vault, vulva, and rarely in the rectum. The main clinical
manifestation is urinary incontinence. The kidney and ureter with an ectopic orifice are subject to
frequent infection [46].

I11. Congenital anomalies of the urinary bladder

Bladder exstrophy is the absence of the anterior wall of the urinary bladder and the presenting
part of the anterior abdominal wall. The pubis is absent, the urinary bladder is turned outward
with the posterior wall. The incidence is 1:40,000 newborns, three times more often in boys.
Often combined with a split urethra and external genitalia [46].
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A bladder diverticulum is a sac-like protrusion of the bladder wall. True and false diverticula are
distinguished:

A true diverticulum consists of all layers of the bladder wall.

A false diverticulum is a protrusion of the mucous membrane between the muscle bundles of the
detrusor, which occurs when there is difficulty emptying the bladder. A bladder diverticulum is
most often located on the posterolateral walls and in the area of the ureteral orifices [46].

Neurogenic bladder dysfunction (NBD) is a variety of disorders of the reservoir and evacuation
functions of the bladder, developing as a result of damage to the mechanisms regulating
urination of various origins and at different levels (cortical, spinal centers, peripheral
innervation). There are two types of neurogenic bladder dysfunction [46]:

Hyperreflexive type - pollakiuria, imperative urges, imperative urinary incontinence, increased
urge to urinate, nocturnal enuresis repeatedly during the night, children wake up after wetting
themselves; pathological positions to relieve imperative urges (squeezing the head of the penis
with hands, bringing the thighs together). Urinary incontinence occurs as a result of a sharp
increase in intra-abdominal pressure (when coughing, laughing, physical exertion).

Hyporeflexive type - rare urination, weakening or absence of the urge to urinate, impaired urine
stream, large volume of urine per urination, possible urinary incontinence of the ischuria
paradoxa type (paradoxical urinary incontinence) - urine is excreted drop by drop.

IV. Congenital anomalies of the urethra

The posterior urethral valve is a hyperplastic fold of the mucous membrane located in the
posterior urethra. The incidence is 9.34 per 100,000 newborn boys [21].

Depending on the location, there are three types of posterior urethral valves:

Type | below the seminal tubercle, often cup-shaped,;

Type 11 from the seminal tubercle to the neck of the bladder, often multiple and funnel-shaped;
Type Il transverse diaphragm above or below the seminal tubercle.

Posterior urethral valves lead to infravesicular obstruction in boys. The posterior urethral valve is
considered one of the causes of secondary diabetes insipidus in children.

In children with a posterior urethral valve, in the vast majority of cases, a combination with
grade I11-V vesicular reflux and hydronephrosis is diagnosed [21].

Urethral stenosis is a narrowing of the urethral lumen with impaired urine outflow. Frequency of
occurrence Urethral stenosis is divided into stenosis of the prostatic part (more common in boys)
and distal part (more common in girls) of the urethra. Clinical manifestations: urinary
incontinence, frequent urination, dribbling of urine [24].

Obstruction of the kidneys and urinary tract is a violation of the outflow of urine due to various
causes. In foreign literature, the term urinary tract obstruction is used and the level of obstruction
is indicated (pyelourethral, ureteral, vesicoureteral, infravesical) [45, 48].

Violation of urodynamics in obstruction, present for a long time and disrupting the outflow of
urine from the renal pelvis, leads to damage to the renal parenchyma and the development of
obstructive nephropathy. The main clinical manifestations of obstructive nephropathy are urinary
tract infections and tubulointerstitial nephritis [5].

Obstructive uropathy (obstructive urophathy) is characterized by structural and functional
changes in the urinary tract due to impaired urine outflow due to obstruction. Pyelectasis is often
diagnosed, caused in 70% of cases by the immaturity of the fetal urinary system. In children with
CKD C5, congenital obstructive uropathy is diagnosed in more than 40% of cases [7].
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Obstructive uropathy can be acute (urolithiasis) and chronic (CAKUT). Acute obstructive
uropathy is mostly reversible. According to localization, obstruction of the upper urinary tract
(obstruction of the renal pelvis, upper ureters and ureteropelvic junction) and lower urinary tract
(obstruction of the lower ureters, bladder and urethra) are distinguished. In case of lower urinary
tract obstruction, the process is most often bilateral, whereas in case of upper urinary tract
obstruction, the pathological process is most often unilateral. Lower urinary tract obstruction is
often associated with VUR [25].

Congenital obstructive uropathy, according to O. L. Chugunova and M. V. Shumikhina (2021),
leads to the progression of CKD to stage C5 in 41% of cases [23].

In the structure of kidney diseases in children, CAKUT is diagnosed in 5.4 - 32.5% of cases. The
frequency of congenital anomalies of the kidneys and urinary tract, according to the literature,
averages 1.6 per 1000 live births. In 30% of cases, CAKUT is combined with congenital
anomalies in the development of other organs and systems, most often with malformations of the
musculoskeletal system, digestive system (for example, anal atresia), heart defects and anomalies
of the central nervous system (for example, spinabifida). CAKUT is one of the causes of CKD
C5 in children receiving renal replacement therapy [4].

M. Richter-Rodier et al. (2012) and C. Policiano et al. (2015) showed that routine ultrasound
examination in the second trimester of pregnancy can make a preliminary diagnosis of CAKUT
in the fetus in 73-88% of cases. Maternal factors associated with the development of CAKUT in
the child include diabetes, older age, white race, various kidney diseases, and recurrent
genitourinary infections [34]. L. Jadresi¢ et al. (2021) conducted a meta-analysis and showed
that maternal obesity before pregnancy is a risk factor for CAKUT [47]. According to Chien-
Ning Hsu and You-Lin Tain (2021), folate and vitamin A deficiency in a pregnant woman, as
well as a low-carbohydrate diet during pregnancy, can lead to the formation of CAKUT [28].

Yu. Yu. Chebotareva et al. (2021) proved that adolescent girls with CAKUT combined with
developmental anomalies of the uterus and vagina require in-depth examination for a timely
assessment of their reproductive health [22].

H. Miyakita et al. (2020) indicate that VUR in the structure of CAKUT occurs in 46% of cases.
In children with an adverse heredity (VUR in the mother in the anamnesis), VUR is diagnosed in
the first year of life in 40% of cases [36].

Conclusion. Currently, various types of congenital anomalies of the kidneys and urinary tract in
newborns have been identified, but they do not fully reflect the clinical features of pathologies. It
is necessary to conduct morphological studies in this area for a full justification and correct
verification of the diagnosis.
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