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Abstract.

Chronic kidney disease (CKD) represents a major global health problem because of its high prevalence, significant mortality, and
the substantial economic burden associated with renal replacement therapy. Most pediatric cases of CKD are diagnosed at advanced
stages, when the condition significantly reduces quality of life and adversely affects disease severity and prognosis. Children with
CKD stage 3-5 have a 4.5-fold higher risk of adverse outcomes than those diagnosed at earlier stages. Early identification and
mitigation of risk factors therefore remain central to the primary prevention of CKD. Multiple causes of CKD in children have
been identified, including bladder hypoactivity (hypotonia, hypo—/areflexia). The present study addresses this particular condition.

Aim. To analyze a clinical case of late diagnosis of chronic kidney disease in a child with hypotonic neurogenic bladder dysfunction,
identify risk factors for disease progression, describe potential complications, and emphasize the importance of early diagnosis.

Materials and Methods. A clinical case of stage IV chronic kidney disease in a girl with hypotonic neurogenic bladder
dysfunction was analyzed together with a review of relevant literature. The study was performed in accordance with the
principles of the Declaration of Helsinki. The study protocol was approved by the Local Ethics Committee, informed consent was
obtained from the patient and her mother. A comprehensive bibliographic search was conducted in leading electronic databases:
PubMed/MEDLINE, Scopus, and Web of Science.

Results. A clinical case of late diagnosis of CKD stage 4 was analyzed in a 16-year—old girl with hypotonic neurogenic
bladder and bilateral grade 3-4 ureterohydronephrosis. Diagnostic evaluation was initiated after the patient presentation with
menstrual irregularities and severe anemia. Further examination demonstrated marked impairment of renal nitrogen—excretory
function: serum creatinine 332.5 umol/L and the glomerular filtration rate (GFR) was 16.4 mL/min/1.73 m> Ultrasonography
revealed bilateral renal enlargement, increased parenchymal echogenicity, loss of corticomedullary differentiation, pronounced
dilation of the pelvicalyceal system and ureters, and severe urodynamic impairment: bladder volume before voiding was 1050 mL,
with a postvoid residual volume of 420 mL.

This clinical case demonstrates that hyporeflexive bladder dysfunction may remain asymptomatic and undiagnosed for
a prolonged period, leading to recurrent infections, bilateral ureterohydronephrosis, and subsequent CKD progression. Despite
the absence of arterial hypertension and growth retardation, the patient developed systemic complications of CKD, including
severe anemia, mineral metabolism disorders, acid—base imbalance, and electrolyte disturbances. Factors contributing to delayed
diagnosis and disease progression to CKD stage 4 are discussed together with a review of relevant literature.

Conclusions. Earlier diagnosis in this case would have required regular monitoring of urinalysis with attention to urine
specific gravity, follow—up renal ultrasonography after resolution of the acute inflammatory process, pre— and postvoid bladder
ultrasonography, and voiding cystourethrography. Continuity of care between inpatient and outpatient settings together with
multidisciplinary collaboration among a pediatric nephrologist, pediatric urologist, pediatrician, and general practitioner is
essential for the management of patients with bladder dysfunction.

Keywords: Children; Chronic Kidney Disease; Kidney Damage; Biomarkers, Glomerular Filtration Rate; Hypotonic
Neurogenic Bladder Dysfunction.

considerably less frequently. CKD was diagnosed at an
early stage during the initial visit in only 5% of children.
Children with CKD stage 3-5 have a 4.5-fold higher risk
of adverse outcomes than those diagnosed at earlier stages.
Progression of CKD to end-stage renal disease (ESRD) in
children with primary glomerular disorders occurs more

Introduction

Chronic kidney disease (CKD) in the pediatric
population is recorded less frequently than in adults:
the worldwide prevalence is 15-74.7 cases per million
children and 100,000-120,000 cases per million adults
[1, 2]. Significant intercountry differences in incidence

rates are associated with healthcare resources, availability
of registries, access to diagnostic and treatment modalities,
etiology, sociodemographic index, and other factors [3, 4,
5]- In European countries, the prevalence of CKD stage
3-5is 11-12 per million age—matched children; stages
4-5 is 8 per million age-matched children [6]. In low—
and middle-income countries, the number of CKD cases
may be underestimated because of limited diagnostic
infrastructure and the lack of registries [4].

Most studies address advanced stages of CKD,
whereas data on early—stage CKD in children are reported

rapidly than in children with isolated congenital anomalies
of the kidney and urinary tract (CAKUT) [3, 7]. About
40-50% of children with glomerular diseases experience
a greater than 50% decline in glomerular filtration rate
(GFR) and progression to ESRD within 3.8-5 years
[8, 9, 10]. Children with CAKUT by contrast more
frequently develop acquired disorders, such as urinary
tract infections (UTIs) and obstructions, which accelerate
CKD progression; the prognosis therefore depends on the
presence of complications, and the median time to ESRD
is ~8.3 years [10, 11]. According to published data, patients
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with glomerulopathies initiated dialysis more often than
children with CAKUT. The number of children receiving
renal replacement therapy increases annually (5.5-6.6 per
million age-matched children), as survival among children
undergoing dialysis and after transplantation continues to
improve [12]. CKD progression in patients with CAKUT
is usually slower than in glomerular diseases; patients with
CAKUT remain under follow-up until later disease stages
[9, 13, 14]. According to the ESPN/ERA—-EDTA registry,
the five-year survival rate for the overall population
of children with ESRD receiving renal replacement
therapy in Europe was approximately 94%. Mortality was
higher in the following groups of children: those younger
than 5 years, those with glomerular diseases, and those
with complicated CAKUT [12]. Understanding disease
progression through clinical studies provide information
that helps anticipate disease risk and identify risk factors
for progression [9]. A wide range of causes of CKD in
children has now been identified, including urinary bladder
hypoactivity (hypo-/atonia, hypo-/areflexia) [15]. The
present report focuses specifically on this condition.

Study objective

To analyze a clinical case of late diagnosis of chronic
kidney disease in a child with hypotonic neurogenic
bladder dysfunction, identify risk factors for disease
progression and possible complications, and emphasize
the importance of early diagnosis.

Materials and methods

An analysis of the diagnosis of CKD stage 4 in
a girl with hypotonic neurogenic bladder dysfunction
was conducted. A comprehensive literature search was
conducted across PubMed/MEDLINE, Scopus and Web
of Science.

The study was performed in accordance with the
principles of the Declaration of Helsinki; the study protocol
was approved by the Local Ethics Committee; informed
consent for participation in the study and publication of
clinical data was obtained from the patient and her mother.

Results

A 16-year-old patient was hospitalized in the Department
of Urology and Reconstructive Surgery of the Municipal
Non—Commercial Enterprise «Regional Medical Center
for Family Health» of the DRC (RMCFH). At the time
of transfer from the local hospital to the RMCFH, the
patient’s condition was assessed as moderate because
of manifestations of generalized anemic syndrome and
CKD. Physical examination revealed marked pallor of the
skin and mucous membranes and periorbital darkening.
Hemodynamic status was stable, blood pressure (BP) was
116/64 mm Hg, edema was absent, Pasternatsky’s sign was
negative bilaterally. Urination was managed using a Foley
catheter, and urine output was adequate.

The medical history indicates that the patient had
recently experienced menstrual irregularities for which she
consulted a gynecologist. Complete blood count (CBC)
revealed severe anemia (hemoglobin 42 g/L, erythrocyte
count 1.8 x 10'%/L), which prompted hospitalization in the
intensive care unit at the local hospital. Two erythrocyte
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transfusions were performed, and further examination
and treatment were initiated. Biochemical blood analysis
revealed impaired renal nitrogen-excretory function:
creatinine 332.5 umol/L and GFR 16.4 mL/min/1.73 m?.

Ultrasonographic findings included bilateral renal
enlargement, increased parenchymal echogenicity,
impaired corticomedullary differentiation, marked dilation
of the pelvicalyceal system and ureters, and severe
urodynamic disturbances: bladder volume before voiding
was 1050 cm?, whereas postvoid residual urine volume was
420 cm?, which necessitated placement of a Foley catheter.

The identified abnormalities allowed establishment
of a preliminary diagnosis already at the initial stage of
evaluation: CKD stage 4, hypotonic neurogenic bladder
dysfunction, bilateral ureterohydronephrosis, and severe
anemia.

For further examination and treatment, the patient was
referred to the RMCFH, a tertiary care hospital.

The medical history indicates that the girl was born with
a body weight of 4000 g from the first pregnancy, which
was complicated by maternal anemia and dysmetabolic
nephropathy. The child is an internally displaced person
and lived in Kramatorsk until 2022.

At the age of 9 months, the girl developed lacunar
tonsillitis of staphylococcal etiology accompanied
by allergic dermatitis and dysbiosis. During inpatient
treatment, antibacterial therapy was administered. At that
time, slight abnormalities were first detected in the general
urinalysis (GUA), namely mild proteinuria (0.049 g/L),
whereas previous GUA findings had been within normal
limits. Other diseases in the patient’s history included acute
respiratory viral infections occurring 1-2 times per year and
acute community-acquired right-sided pneumonia at the
age of 10 years. The girl was vaccinated according to age.

Only three episodes of UTI were documented
throughout the patient’s life: at the ages of 2, 9, and
14 years. As this article aims to analyze the possible causes
of late CKD diagnosis, particular attention will be paid to
the episodes of UTI in this patient.

The first episode of UTI occurred at the age of 2 years
and 2 months, when the child was diagnosed with UTI
and pharyngomycosis. The clinical presentation initially
corresponded to cystitis and subsequently progressed to
acute pyelonephritis; GUA revealed leukocyturia (70-80 per
hpf) and proteinuria (0.165 g/L). The girl was hospitalized
and received sequential antibiotic therapy, uroantiseptic
therapy, and phytotherapy. CBC demonstrated leukocytosis
(16.2 x 10°/L) and elevated erythrocyte sedimentation
rate (ESR). Ultrasonography of the kidneys and bladder
revealed no abnormalities at that time; however, a detailed
description was absent from the discharge summary. In
the Zimnitsky test, only two portions were obtained: first
portion — 650 mL, specific gravity 1004; second portion —
195 mL, specific gravity 1007.

The second episode was recorded at the age of 9 years,
when the girl was diagnosed with acute pyelonephritis
and acute vulvovaginitis. Complaints included fever and
abdominal pain. Urinalysis revealed massive leukocyturia
(entire HPF) and slight proteinuria (0.99 g/L). In the
Zimnitsky test, specific gravity values again indicated
hyposthenuria (1005-1007), and the ratio of daytime



KNIHIYHA NMPAKTUKA

and nighttime urine volume was 790 mL to 610 mL.
Ultrasonography of the kidneys revealed thickening and
stratification of the left renal pelvic wall with preserved
corticomedullary differentiation. GUA before discharge
showed specific gravity of 1010, whereas the remaining
parameters were within normal limits. After inpatient
treatment, recommendations regarding outpatient
follow-up ultrasonography of the kidneys and GUA were
not followed.

The third episode of UTI occurred at 14 years, probably
in the form of acute cystitis, which was treated remotely by
the family physician by telephone. The patient presented
with dysuria, for which an antibacterial agent of the
nitrofuran group was prescribed. No examination was
conducted either during or after this episode of UTI.

The child’s outpatient record contained CBCs
performed at the ages of 7 and 10 years; all parameters
were within the age-specific reference range.

Upon admission to the RMCFH, detailed examination
continued. CBC revealed moderate hypochromic
microcytic anemia (Hb 85 g/L, erythrocytes 3.56x10'%/L).
CBC dynamics are presented in Table 1.

Hyposthenuria was recorded in all GUAs;
microhematuria and a moderate increase in squamous
epithelial cells were also detected (Table 2).

Biochemical blood analysis demonstrated a significant
impairment of renal nitrogen-excretory function:
creatinine — 342.41 umol/L and urea — 20.8 mmol/L.
Estimated GFR was 15.1 mL/min/1.73 m?, corresponding
to CKD stage 4 (Table 3).

Table 1
Dynamics of complete blood count indicators in the child

Indicators/date 24.09.25 8.10.25
Hemoglobin, g/L 85 102
Erythrocytes, 10"?/L 3.56 4.06
Color index 0.71 0.75
Hematocrit, % 27.55 32.32
Platelets, 10%/L 209 306
Leukocytes, 10%/L 5.3 6.0
Segmented neutrophils, % 51.8 53.2
Lymphocytes, % 36.0 32.9
Basophils, % 0.4 0.5
Eosinophils, % 6.1 3.9
Monocytes, % 5.7 9.5
MCV, fl 77.38 79.66
MCHC, g/dL 31.03 31.51
MCH, pg 24.01 25.1

Table 2

Dynamics of general urinalysis indicators in the child

Indicators/date 25.09.25 29.09.25
Quantity (mL) 50.0 60.0
Color Yellow Light-yellow
Transparency Transparent Transparent
Specific gravity (relative density), g/L 1.004 1.005
Reaction (pH) 6.0 7.5
Protein (g/L) Absent 0.071
Glucose (mmol/L) Absent Absent
Ketone bodies Absent Absent
Erythrocytes (unchanged) 3-4 per hpf Absent
Leukocytes 2-3 per hpf 18-25 per hpf
Squamous epithelial cells 7-8 per hpf 1-4-6 per hpf
Casts Not detected Not detected
Bacteria Not detected Not detected
Mucus Not detected Not detected

Table 3

Dynamics of biochemical blood indicators and GFR of the child

Indicator/Date 24.09.25 26.09.25 28.09.25 10.11.25
Creatinine, umol/l 342.41 273.67 398.12 261.15
Urea, mmol/L 20.8 16.2 241 13.0
Urea nitrogen, mmol/L 9.9 10.0 - 6.9
Potassium, mmol/L 5.4 45 57 4.6
Sodium, mmol/L 144.0 145.1 148.2 139.1
Chlorine, mmol/L 113 112 109 106
GFR, ml/min/1.73 m? 15.10 20.05 13.03 29.08
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Electrolyte imbalance was noted, including
hyperkalemia, hypernatremia, and hyperchloremia. The
parathyroid hormone level was significantly elevated (501
pmol/L), indicating secondary hyperparathyroidism. Acid-
base balance analysis revealed metabolic acidosis upon
admission (BE — 9.5 mmol/L).

Instrumental examinations (ultrasonography and
computed tomography (CT)) revealed signs of chronic

cystitis, bilateral bladder-dependent ureterohydronephrosis,
absence of corticomedullary differentiation, bladder wall
thickening up to 5 mm, dilation of the calyces up to
7 mm, pelvic wall thickening up to 2.5 mm, thinning of
the renal cortex to 4-5 mm, multiple hypodense areas up
to 10 mm within the parenchymal, and enlargement of
retroperitoneal lymph nodes up to 16 mm. Dynamic kidney
ultrasonography findings are presented in Table 4.

Table 4

Dynamics of ultrasound indicators in the child

Indicators/date 15.09.25 23.09.25

Right kidney (size, mm) 131 x 74 x 60 108 x 42 x 57

Left kidney (size, mm) 126 x 86 % 60 102 x 68 x 52
Parenchyma (mm) Right: 3-10, left: 3-9 Right: 7-17, left: 5-10
Parenchymal echogenicity Increased Increased
Cortico-medullary differentiation Impaired Absent

Pyelocaliceal system (PCS) —

expansion, mm
P 26 mm

Right pelvis 52 x 44 mm, calyces 26 x
40 mm. Left pelvis 55 x 50 mm, calyces

Right pelvis 27 x 35 mm, calyces
18 mm. Left pelvis 49 x 39 mm,
calyces 19 x 22 mm

PCS - contour Uneven, thickened

Uneven, thickened

Ureter (mm) Right: 13, left: 12

Right: 7-8, left: 10

Bladder volume (cm?) 1050 370
Bladder wall (mm) 4 mm 5 mm
Echogenicity of bladder contents Thick fine—dispersed suspension Reduced
Residual urine volume (cm?) 420 Absent

Magnetic resonance imaging (MRI) of the lumbar spine
revealed signs of lumbar osteochondrosis (Pfirrmann II), L3—
L4 disc protrusion with compression of the right lateral nerve
root and moderate foraminal stenosis (Kang 2), and L4-L5
disc prolapse with right-sided predominance accompanied by
moderate compression of the dural sac and right lateral nerve
root. The identified spinal abnormalities however did not
confirm an association with the patient’s bladder hyporeflexia.

Cystoscopic examination revealed hyperemia and
enhanced vascular pattern of the entire bladder mucosa,

vascular injection, irregularity and trabecularity of the
bladder wall, and isolated pseudodiverticula. In the area of
the bladder neck and Lieutaud’s triangle, isolated petechiae
and white deposits were observed. Both ureteral orifices
were normally positioned, closed, and oval in shape.
These findings allowed confirmation of the diagnosis of
neurogenic bladder, chronic cystitis, and urinary bladder
leukoplakia. Metaplastic changes (leukoplakia) of the
bladder mucosa are shown in Figure 1, whereas multiple
diverticular bladder changes are presented in Figure 2.

Fig. 1. Cystoscopy 1

Note: the arrow indicates leukoplakia.
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Fig. 2. Cystoscopy 2

Note: the arrow indicates trabecularity.

Voiding cystography was uninformative and did not
allow either confirmation or exclusion of vesicoureteral
reflux. Spontaneous voiding did not occur either during the
first filling of the urinary bladder up to 370 mL or during
the second filling up to 550 mL of contrast medium.

Dopplerography of the renal vessels revealed decreased
blood flow velocity and increased resistance indices (Table 5).

At the RMCFH, based on the medical history, objective
examination, laboratory findings, and instrumental
studies, a final diagnosis was established: Chronic
kidney disease, stage 4. Hypotonic neurogenic bladder
dysfunction. Chronic cystitis. Bilateral grade 3-4
ureterohydronephrosis. Chronic pyelonephritis. Severe
anemia. Dysmenorrhea.

Table 5

Dopplerography Indicators of the Child’s Renal Vessels

Renal Arteries Right Kidney Right Kidney
Level Vps, cm/s RI Vps, cm/s RI
Ostia (Main) 50 0.72 47 0.75
Segmental 34 0.72 30 0.73
Interlobar 18 0.72 17 0.72
Main (Trunk) Not visualized Not visualized

Treatment strategy included bladder catheterization
using a Foley catheter for normalization of urodynamics for
2 weeks. The next stage involved percutaneous cystostomy.
The patient was subsequently trained in intermittent
bladder catheterization and switched to this method
of bladder emptying. The patient and her mother were
informed about appendicovesicostomy (Mitrofanoff
procedure) as an alternative method of bladder evacuation
that may provide better social adaptation for patients with
this condition.

Medical therapy included correction of electrolyte
disturbances and acid—base imbalance, and administration
of iron supplements, erythropoietin, and agents for
reduction of nitrogenous waste levels. Preventive and
supportive measures, including prevention of urinary
tract infections, regulation of bowel movements, and
management of menstrual cycle disturbances, were also
implemented.

Following treatment, positive dynamics were observed:
hemoglobin increased to 107 g/L, nitrogenous waste
product levels decreased (creatinine decreased to 261.15
pmol/L), and GFR increased to 29.08 mL/min/1.73 m?;

metabolic acidosis and electrolyte disturbances resolved.
At discharge, mild anemia and impaired renal nitrogen-
excretory function persisted, corresponding to CKD
stage 4.

Follow-up examination after one month demonstrated
further positive changes: hemoglobin 102 g/L, creatinine
241.8 pmol/L, and GFR 34.0 mL/min/1.73 m?. One
month later, the following values were recorded:
hemoglobin 137 g/L, creatinine 242.8 pumol/L, and GFR
34.2 mL/min/1.73 m2.

Discussion

CKD is a significant medical issue because of its high
prevalence in the population, elevated mortality rates,
and the substantial economic burden associated with
renal replacement therapy. Correction and mitigation of
risk factors therefore remain the primary focus of CKD
prevention [6, 4]. Modifiable conditions, including blood
pressure control, correction of metabolic acidosis and
anemia, management of uric acid levels and growth failure,
and improved adherence to therapy, have demonstrated
important clinical value in delaying CKD progression [9].
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frequent manifestation of CKD is severe anemia,
which served as the basis for CKD diagnosis in this
clinical case. In a study by Bishnu Kumar Thapa et al.,
110 (63%) of 174 children with CKD presented with
anemia, with prevalence rates of 44%, 43%, 74%, 64%,
and 92% in stages 1, 2, 3, 4, and 5, respectively [17].
Anemia severity correlates with CKD stage, as impaired
renal erythropoietic function leads to loss of the normal
physiological response to hypoxia, decreased endogenous
erythropoietin synthesis, and dysregulation of iron
metabolism, which overall affects erythrocyte synthesis.
Inflammatory reactions accompanying CKD additionally
reduce erythropoiesis efficiency [18, 19]. In the patient
described in this study, the lowest hemoglobin level
(42 g/L) was recorded during gynecological evaluation
for menstrual disorders. Following blood transfusion, the
hemoglobin level increased to 85 g/L and subsequently
normalized to 137 g/L during further treatment. Analysis
of this case suggests that the anemia had a combined
etiology, including menstrual disorders and reduced renal
erythropoietic function associated with CKD.

Proteinuria is an independent risk factor for CKD
progression [2], and in combination with arterial
hypertension (AH) or reduced GFR, it doubles the
risk of rapid progression to stage 5 CKD compared
with AH without proteinuria [20]. The combination
of these two factors therefore has a synergistic effect.
The maximum proteinuria recorded in the patient was
0.071 g/L. Although the absence of arterial hypertension
and significant proteinuria suggests a more favorable
CKD prognosis, the existing anemia, also regarded as
an aggravating factor, may nevertheless accelerate GFR
decline to 5-10 mL/min/ year.

Impaired regulation of calcium, phosphorus,
parathyroid hormone, and vitamin D in children with
CKD leads to disorders of bone mineralization [21]. In
our patient, the parathyroid hormone level was 501 pmol/L
(reference range: 10-65 pmol/L), whereas assessment
of vitamin D, calcium, and phosphorus levels was not
possible. As a result, even in the absence of AH and growth
retardation, the patient developed systemic complications
of CKD, including severe anemia, mineral metabolism
disorders, and acid—base and electrolyte imbalance.

Bladder dysfunction in children is clinically significant
and should be excluded in patients with inflammatory
diseases of the urinary system.

The causes of hypotonic neurogenic bladder
dysfunction (NBD) are proposed for consideration. The
causes of hypotonic neurogenic bladder dysfunction
(NBD) are proposed for consideration. Hypotonic NBD
may result from direct central nervous system trauma,
particularly spinal cord injury, which represents one of
the primary causes of its development and accounts for
3-5% of all spinal cord lesions. Other causes include
diseases affecting the central or peripheral nervous
system, specifically neurological disorders involving the
lumbar region, sacral micturition center, or peripheral
nerves. Detrusor areflexia/hypoactivity following spinal
cord injury was identified in 18% of patients [22, 23]. It
should be emphasized that the hypotonic type reflects the
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level of injury: the detrusor acquires hypotonic features
following damage to the sacral parasympathetic pathways
or peripheral nerves. No definitive evidence of trauma
that could have caused hypotonic NBD was identified in
this patient.

Among congenital causes of NBD, spinal dysraphism
(SD) accounts for 93% of cases (more than 85% open and
up to 8% occult), cerebral palsy accounts for 3%, whereas
sacral agenesis, imperforate anus, and spinal cord lesions
each account for 1%. Myelomeningocele is the most
common form of open SD and occurs more frequently
(in 30-50% of cases) at the lumbosacral level. In 90-98%
of patients with myelomeningocele, bladder areflexia or
NBD is also be present [22, 24, 25].

Other less frequent causes include brain or spinal
cord tumors, pelvic surgery, sacrococcygeal teratoma,
and posterior urethral valves [26, 27]. Causes more
characteristic of adults but also observed in children
include acute transverse myelitis and neuromyelitis optica.
In acute transverse myelitis, detrusor atony confirmed
by urodynamic data was identified in 12% of patients
aged 10-69 years. In patients aged 11-64 years diagnosed
with neuromyelitis optica, an acontractile detrusor was
identified in 47.6% of cases [28]. In this clinical case, none
of the aforementioned causes were identified.

The pathogenesis of chronic kidney disease
development in the presence of bladder hyporeflexia is of
particular clinical interest. Impaired bladder innervation
disrupts its functional phases, reducing the control and
coordination of micturition. During the filling phase,
impairment of bladder filling sensation is accompanied
by a decrease in detrusor tone, which facilitates excessive
bladder distension, while intravesical pressure remains low.
Changes may occur in the afferent fibers, urothelium, or
suburothelial intercellular structures involved in sensing
bladder distension. The voiding phase is disrupted as
detrusor contraction is insufficient, leading to a large
residual urine volume [22, 24], whereas disturbances may
also occur in the effector or central components of nervous
regulation. Effector denervation is associated with impaired
contractility, resulting in detrusor underactivity [29]. In
sacral/infrasacral spinal cord injury, lower motor neurons
are damaged and the micturition reflex arc is interrupted.
The pontine micturition center remains intact, leading to
detrusor areflexia and flaccidity of the external urethral
sphincter, resulting in overflow incontinence [30].

Excessive residual urine volume observed in this
case predisposes to urinary tract infections and chronic
bladder overdistension, ultimately resulting in loss of
bladder wall elasticity, vesicoureteral reflux formation, and
hydronephrosis. In cases of elevated intravesical pressure,
the risk of renal scarring and long-term renal damage
associated with vesicoureteral reflux increases. At low
pressure, renal function deteriorates, which is associated
with replacement of parenchyma by connective tissue,
partly due to recurrent urinary tract infections, eventually
leading to chronic kidney disease formation [15, 25].

A scheme for the pathogenesis of chronic kidney disease
development in the presence of bladder hyporeflexia is
proposed (Figure 3).
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Pathogenesis of CKD Formation in Bladder Hyporeflexia

Urine storage phase
Stretch receptors
Impaired

sensation
of filling

At low intravesical

pressure (IVP)
At high intravesical ,_,_,..---""'r
pressure (IVP) H

Voiding phase

Detrusor pressure
is Insufficient

Detrusor

%‘:
"

SO
Impaired . %
efferent N
innervation s

. External
. urethral

* sphuncler

Urinary tract infections

Loss of bladder wall elasticity

Replacement of renal parenchyma
with connective tissue

Formation of CKD /

Abbraviations:
Bladder (B} — urinary bladder
IVP = intravesical pressure
CKD - chronic kidney disease
: o ; Innervation of urination act

Figure 3. Scheme of the pathogenesis of CKD formation in the presence of bladder hyporeflexia.

A careful review of the medical history data allows the
conclusion that one of the reasons for the late diagnosis of
urodynamic disorders and progression to CKD stage 4 was
insufficient interaction between inpatient and outpatient
stages of medical care. After the second episode of UTI
at the age of 9 years, ultrasonography performed during
hospitalization revealed thickening and stratification of
the left renal pelvic wall; however, the recommended
follow-up kidney ultrasonography at the outpatient stage
was not performed. Furthermore, bladder ultrasonography
before and after voiding with assessment of bladder filling
volume and postvoid residual urine volume was not
performed either during hospitalization or at the outpatient
stage, despite its critical importance for the diagnosis
of bladder dysfunction. According to the 2025 EAU
recommendations, ultrasonography should be performed in
children before and after voiding to assess bladder changes
depending on bladder filling and to measure postvoid
residual urine volume, which may represent the primary
diagnostic sign of voiding dysfunction [16].

Particular emphasis should be placed on the necessity
of excluding vesicoureteral reflux in the child using voiding
cystography; the examination itself was not performed in
a timely manner. According to the 2025 EAU guidelines,
this diagnostic method is not recommended for all children
after the first episode of UTI but is required in children with
recurrent febrile UTI or ultrasonographic abnormalities
[16]. In the clinical case presented in this article, the patient

had indications for voiding cystourethrography after the
second episode of UTI at the age of 9 years.

Persistent hyposthenuria was not taken into
consideration; consistently low urine specific gravity values
indicated impaired renal concentrating capacity. Regular
monitoring of general urinalysis was not performed.

The patient’s GFR of 34.2 mL/min/1.73 m? does not
currently require initiation of renal replacement (dialysis)
therapy; however, the need for such therapy may arise in
the future. To improve the patient’s quality of life and social
adaptation, surgical methods aimed at optimizing urinary
bladder emptying, specifically appendicovesicostomy
(Mitrofanoff procedure), may be recommended as an
alternative method of urine evacuation.

The patient requires further follow-up by a nephrologist,
regular monitoring of urodynamics, blood pressure,
cardiovascular status (including echocardiography),
mineral metabolism parameters, and prevention of UTIs
to slow CKD progression.

Conclusions

The vast majority of chronic kidney disease cases
in children are diagnosed at advanced stages, when the
condition significantly reduces quality of life and adversely
affects disease severity and prognosis.

The presented clinical case demonstrates that
hyporeflexive bladder dysfunction may persist
for a prolonged period without pronounced clinical
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manifestations, remaining undiagnosed and leading to
severe complications such as hydronephrosis and CKD.

For earlier diagnosis in this case, the following
were critically important: regular monitoring of general
urinalysis with particular attention to urine specific gravity,
follow-up renal ultrasonography after resolution of the
inflammatory process, bladder ultrasonography before and
after voiding, and voiding cystography.

In the management of patients with bladder
dysfunction, continuity between inpatient and outpatient
stages of medical care is essential, as is multidisciplinary
collaboration among the pediatric nephrologist, pediatric
urologist, pediatrician, and family physician.

Prospects for further research. Further
investigation of disease course in the patient during
long-term follow-up appears promising. Retrospective
and prospective analyses of a series of similar clinical
observations are planned to identify common patterns of
disease course and optimize strategies for early diagnosis
of chronic kidney disease and nephroprotection.

Author contributions. L. I. Vakulenko—

development of the study concept and design, reviewing
and editing the manuscript with intellectual contribution,

References:

final approval of the article; responsibility for conducting
the work and its integrity; O. H. Babak — preparation
of the literature review, analysis of results, manuscript
writing; D. E. Ochyhava — data collection, interpretation of
results, manuscript preparation; A. V. Riznyk — manuscript
preparation; responsibility for conducting the work and its
integrity; V. V. Postovoi — data collection, interpretation of
results, manuscript writing; responsibility for conducting
the work and its integrity; A. V. Obertynskyi — data
selection for further analysis; participation in preparation
the literature review.

Conflict of interest. The authors declare that no
real or potential conflicts of interest exist in relation to the
present study.

Use of artificial intelligence. Artificial intelligence
was not used during the study or manuscript preparation.

Sources of funding. Self-funding.

Acknowledgments. The authors express their
gratitude to patient V. and her mother for granting consent
to the use of clinical data for publication and for their active
cooperation during the study.

1. Amanullah F, Malik AA, Zaidi Z. Chronic kidney disease causes and outcomes in children: Perspective from a LMIC setting.
PLoS One. 2022;17(6): €0269632. DOI: https://doi.org/10.1371/journal.pone.0269632

2. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease. Kidney Int. 2024;105(4S): S117-S314. DOI: https://doi.org/10.1016/j.

kint.2023.10.018

3. Zhao WM, Li XL, Shi R, Zhu Y, Wang ZJ, Wang XR, et al. Global, regional and national burden of CKD in children and adolescents
from 1990 to 2019. Nephrol Dial Transplant. 2024;39(8):1268-78. DOI: https://doi.org/10.1093/ndt/gfad269

4. Singh A, Verma M, Das M, Parija PP, Nayak S, Jha V. Prevalence and associated factors of impaired kidney functions among
children and adolescents in India: insights from the Comprehensive National Nutrition Survey (CNNS) 2016-18. BMC Pediatr.

2024;24(1):429. DOLI: https://doi.org/10.1186/s12887-024-04903-y

5. Masalskiené J, Rudaitis S, Vitkevi¢ R, Cerkauskiené R, Dobiliené D, Jankauskiené A. Epidemiology of Chronic Kidney Disease
in Children: A Report from Lithuania. Medicina (Kaunas). 2021;57(2):112. DOI: https://doi.org/10.3390/medicina57020112

6. Bakkaloglu SA, Vidal E, Bonthuis M, Neto G, Paripovi¢ D, Asberg A, et al. European chronic kidney disease registries for children
not on kidney replacement therapy: tools for improving health systems and patient—centred outcomes. Clin Kidney J. 2023;16(11):1980-5.

DOI: https://doi.org/10.1093/ckj/sfad204

7. Plumb L, Magadi W, Casula A, Reynolds BC, Convery M, Haq S, et al. Advanced chronic kidney disease among UK children.
Arch Dis Child. 2022;107(11):1043-5. DOI: https://doi.org/10.1136/archdischild-2021-323686

8. Akchurin O, Molino AR, Schneider MF, Atkinson MA, Warady BA, Furth SL. Longitudinal Relationship Between Anemia and
Statural Growth Impairment in Children and Adolescents With Nonglomerular CKD: Findings From the Chronic Kidney Disease in
Children (CKiD) Study. Am J Kidney Dis. 202381(4):457-65.e1. DOI: https://doi.org/10.1053/j.ajkd.2022.09.019

9. Furth SL, Pierce C, Hui WF, White CA, Wong CS, Schaefer F, et al. Chronic Kidney Disease in Children (CKiD); Effect of Strict
Blood Pressure Control and ACE Inhibition on the Progression of CRF in Pediatric Patients (ESCAPE) Study Investigators. Estimating
Time to ESRD in Children With CKD. Am J Kidney Dis. 2018;71(6):783-92. DOI: https://doi.org/10.1053/j.ajkd.2017.12.011

10. Gluck CA, Forrest CB, Davies AG, Maltenfort M, Mcdonald JR, Mitsnefes M, et al. Evaluating Kidney Function Decline
in Children with Chronic Kidney Disease Using a Multi—Institutional Electronic Health Record Database. Clin J Am Soc Nephrol.
2023;18(2):173-82. DOI: https://doi.org/10.2215/cjn.0000000000000051

11. Geleta BE, Bekele BA, Afework M. Spectrum of congenital anomalies of the kidney and urinary tract in a pediatric nephrology
clinic in Ethiopia and factors associated with advanced chronic kidney disease: A cross—sectional study. PLOS Glob Public Health.
2024;4(11): e0003869. DOLI: https://doi.org/10.1371/journal.pgph.0003869

12. Bonthuis M, Vidal E, Bjerre A, Aydog O, Baiko S, Garneata L et al. Ten—year trends in epidemiology and outcomes of pediatric
kidney replacement therapy in Europe: data from the ESPN/ERA-EDTA Registry. Pediatr Nephrol. 2021;36(8):2337-48. DOI: https://

doi.org/10.1007/s00467-021-04928-w

13. Ibarra Rodriguez MR, Antéon Gamero M, Parente Hernandez A, Wiesner Torres SR, Vargas Cruz V, Paredes Esteban RM.
Congenital malformations of the urinary tract: progression to chronic renal disease. Cir Pediatr. 2022;35(4):172-9. DOI: https://doi.

org/10.54847/cp.2022.04.17

14. Thumfart J, Wagner S, Kirchner M, Azukaitis K, Bayazit AK, Obrycki L, et al. Timing and Modality of Kidney Replacement
Therapy in Children and Adolescents. Kidney Int Rep. 2024;9(9):2750-8. DOI: https://doi.org/10.1016/j.ekir.2024.06.009

330



KNIHIYHA NMPAKTUKA

15. Kopa¢ M. Pediatric Lower Urinary Tract Dysfunction: A Comprehensive Exploration of Clinical Implications and Diagnostic
Strategies. Biomedicines. 2024;12(5):945. DOI: https://doi.org/10.3390/biomedicines 12050945

16. Radmayr C, Bogaert G, Bujons A, Burgu B, Castagnetti M, ‘t Hoen LA, et al. EAU Guidelines on Pediatric urolodgy. European
Association of Urology; 2026. 234p.

17. Thapa BK, Bhatia P, Meena J, Dawman L, Tiewsoh K. Prevalence and risk factors for functional iron deficiency in children
with chronic kidney disease. Clin Exp Nephrol. 2023;27(1):66-71. DOI: https://doi.org/10.1007/s10157-022-02281-2

18. Wang Y, Yu X. Stabilizing Hypoxia—Inducible Factor to Manage Anemia in Chronic Kidney Disease: From Basic Theory to
Clinical Study. Kidney Dis (Basel). 2024;10(2):132-42. DOI: https://doi.org/10.1159/000536039

19. Badura K, Janc J, Wasik J, Gnitecki S, Skwira S, Mtynarska E, et al. Anemia of Chronic Kidney Disease—A Narrative Review of
Its Pathophysiology, Diagnosis, and Management. Biomedicines. 2024;12(6):1191. DOI: https://doi.org/10.3390/biomedicines 12061191

20. Larkins NG, Craig JC. Hypertension and Cardiovascular Risk Among Children with Chronic Kidney Disease. Curr Hypertens
Rep. 2024;26(10):389-98. DOI: https://doi.org/10.1007/s11906-024-01308-1

21. Lalayiannis AD, Soeiro EMD, Moysés RMA, Shroff R. Chronic kidney disease mineral bone disorder in childhood and young
adulthood: a ‘growing’ understanding. Pediatr Nephrol. 2024;39(3):723-39. DOI: https://doi.org/10.1007/s00467-023-06109-3

22. Sager C, Barroso U Jr, Bastos JM Netto, Retamal G, Ormaechea E. Management of neurogenic bladder dysfunction in children
update and recommendations on medical treatment. Int Braz J Urol. 2022;48(1):31-51. DOI: https://doi.org/10.1590/s1677-5538.
bju.2020.0989

23. Brownrigg N, Lorenzo AJ, Rickard M, Dos Santos J. The urological evaluation and management of neurogenic bladder in children
and adolescents—what every pediatric nephrologist needs to know. Pediatr Nephrol. 2024;39(2):409-21. DOI: https://doi.org/10.1007/
s00467-023-06064-z

24. Fairchild RJ, Aksenov LI, Hobbs KT, Krischak MK, Kaplan SJ, Purves JT, et al. Medical management of neurogenic bladder
in patients with spina bifida: A scoping review. J Pediatr Urol. 2023;19(1):55-63. DOI: https://doi.org/10.1016/j.jpurol.2022.10.016

25. Si¢ A, Stojanovi¢ B, Dordevi¢c M. Neurogenic Bladder in Children with Myelomeningocele. Diseases. 2025;13(4):117.
DOTI: https://doi.org/10.3390/diseases 13040117

26. Sarhan OM, Wadie B, Al-Kawai F, Dawaba M. Bladder function in children with posterior urethral valves: impact of antenatal
versus postnatal diagnosis. Int Braz J Urol. 2022;48(1):78-86. DOI: https://doi.org/10.1590/s1677-5538.ibju.2021.0046

27. Partridge EA, Canning D, Long C, Peranteau WH, Hedrick HL, Adzick NS, et al. Urologic and anorectal complications
of sacrococcygeal teratomas: prenatal and postnatal predictors. J Pediatr Surg. 2014;49(1):139-42. DOI: https://doi.org/10.1016/].
jpedsurg.2013.09.042

28. Gupta A, Sivaram A, Krishnan R, Khanna M. Urinary Symptoms and Bladder Dysfunction in Patients with Neuromyelitis
Optica Spectrum Disorders: Evaluation with Urodynamics and Management. J Neurosci Rural Pract. 2020;11(2):245-9. DOI: https://
doi.org/10.1055/s-0040-1701557

29. Aizawa N, Igawa Y. Pathophysiology of the underactive bladder. Investig Clin Urol. 2017;58(Suppl 2): S82—-S89. DOL: https://
doi.org/10.4111/icu.2017.58.52.5s82

30. Perez NE, Godbole NP, Amin K, Syan R, Gater DR Jr. Neurogenic Bladder Physiology, Pathogenesis, and Management after
Spinal Cord Injury. J Pers Med. 2022;12(6):968. DOI: https://doi.org/10.3390/jpm12060968

MI3HA JIATHOCTUKA XPOHIYHOI XBOPOBHW HUPOK V IUTUHH 3 TTIHOPE®JIEKTOPHAM CEUOBUM
MIXYPOM: AHAJII3 KJIIHIYHOI'O BUITAJAKY TA OINIAJA JITEPATYPU

JI. L. Bakynenxo', O. I. Baéax', /. E. Ouuzasa', A. B. Piznux', B. B. [Tocmosoit*, A. B. O6epmuncoKkuir*

JuinpoBcbKuii 1epxkaBHMii MequYHU# yHiBepcuTer',
KomyHnanabHe HexkoMepiiiiHe ToBapucTBO «PerioHajbHU MeIUYHUI IEHTP POIMHHOTO 310POB’ s
JuinponerpoBcbKoi obacuoi Pagu®
(m. duinpo, Ykpaina)

Pesiome.

Xpouiuna xBopoba Hupok (XXH) € Baromoro MenuHOIO MpoOIeMOoro Yepe3 ii BUCOKY MOLIMPEHICTh y TOMyILil, 3HaYHUI PiBEHb
CMEPTHOCTI Ta BeJIMKi eKOHOMIYHI BUTPATH, OB’ s3aHi 3 MPOBEICHHIM 3aMiCHOI HUpKOBOI Tepaii. [lepeBakHa GibLIICTh AIaTHOCTUKU
BunazakiBe XXH y niteit BinOyBaeThCs Ha Mi3HIX CTaisIX, [0 3HAYHO 3HIDKYE SIKICTh )KUTTS, BIUIMBAE HA TSDKKICTH Mepediry Ta mporuo3
3axBoproBanHs. [itu 3 3-5 cragismu XXH marots B 4,5 pa3u BUIIUI PH3UK HECOPUSITIMBUX HACIIIKIB MOPIBHSHO i3 THMH, Y KOTO
XXH niarHOCTOBaHO Ha PaHHIX CTaAisIX. Y 3B°A3Ky 3 LM BHUSBICHH Ta 3MEHIICHHS BILUIUBY (HaKTOPIB PH3UKY € KIFOYOBUM HAPSIMOM
nepBuHHOI npodinakruku XXH. Ha ceoroani BuokpemiieHo uity Husky npuund XXH y nitel, cepen sikux, 30KpemMa, po3risiIaloTh
rinoakTUBHICTH (Ti0/aTOHIYHICTB, rino/apeduieKciio) ceaoBoro Mixypa. ¥ Harriii poOoTi MU 30CepeIiIn yBary came Ha il mpobiemi.

Merta nocaizxenns. [IpoananizyBaTy KIiHIYHUH BUNIAJOK Ti3HBOI AIarHOCTHKU XPOHIYHOI XBOPOOH HUPOK Y AUTHHH 3 HEUPOTeH-
HOIO IHMCOYHKIIEI CEY0BOro Mixypa 3a FilOTOHIYHUM THIIOM, BUIUTHTH (aKTOPU PU3UKY HPOrpECyBaHHS 3aXBOPIOBAHHSI, MOXKIIUBI
YCKJIaJIHEHHS Ta IiAKPECINTH BaXJIMBICTh PAaHHBOT [[iarHOCTHKH.

Marepianu Ta MeToau KocaixkeHHs. [IpoBeieHO aHaIli3 BCTAHOBJICHHS AiarHO3y XpOHIUHOT XBopoOu HUpok IV cranil AiBunHLi HA
T HefiporeHHol MUCYHKILT Ce4OBOro Mixypa 3a IHOTOHIYHUM THITOM. J[0CTiIyKEeHHs! BAKOHAHO 32 MIPUHLKIIAMU | eJIbCiHCHKOT AeKiapa-
wuii. [IpoTokon mociipKeHHs yxBajaeHo JIokalbHUM eTHYHUM KoMiTeToM. Ha npoBeeHHs JoCIiKeH s OTpUMaHO iH(pOopMaLiiiHy 3roay
IiBYMHKH Ta 1l MaMu. 3iliCHEHO KOMIUIEKCHHUH GibmiorpadiuHuii NOMYK y MPOBigHUX eNeKTpoHHUX pecypcax: PubMed/ MEDLINE,
Scopus Ta Web of Science.

PesyabraTn gociixkenns. [IpoBeaeHo aHai3 KIiHIYHOrO BUMAAKY Ii3HBOT A1arHOCTUKU XPOHIYHOI XBOPOOU HUPOK 4 cTasil
y AiBYUHKK 16 pokiB Ha (hOHI HEHPOTEHHOTO CEYOBOro MiXypa 3a riMOTOHIYHUM THIIOM, 1BOOIYHOrO ypereporiaporedposy 3-4 cryme-
HIO. JliarHOCTHYHHI MOIIYK [IOYaBCs 31 3BEPHEHHS MALIEHTKHU 3 MPHBOLY MOPYLICHHS MEHCTPYaIbHOTO LUKy Ta BUSIBICHHS TSDKKOI
aHeMii. Y moaanpIioMy BUSIBICHO 3Ha4YHE MOPYIICHHS a30TOBHAIbHOT PYHKIIT HUPOK — KpeaTuHin — 332,5 mxmons/1, [IHK®D — 16,4 M/
xB/1,73 M2. JliarHocTHYHOIO 3HaXiAKOK Oysu BusBieHi Ha V3] 30inbLICHHS PO3MipiB 000X HUPOK, MiABUIICHHS €XOI€HHOCTI MapeH-
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XIMU, TOPYIIEHHS KOPTUKO-MeyIsipHoi nudepennianii, 3HaYHe pO3MUPEHHS YaITKOBO-MICKOBOTO KOMILIEKCY 1 CE40BOLY, KPUTHIHI
MOPYIICHHS YPOIUHAMIKHK: 00’ €M Ce40BOT0 Mixypa a0 Mikiii cranoBuB 1050 cM?, a 06’ eM 3amumikoBoi cedi — 420 cm?. [IpeacraBnennit
KIIIHIYHAN BUNAJ0K AEMOHCTPYE, IO TUCHYHKIIIS CEY0BOTO MiXypa 3a Tinope(IeKTOPHIM THIIOM MOXe TPHBAJIMI Jac repediratu
0e3 BUpa)KeHOI CHMITOMATHKH Ta 3aJIMIIATUCS HEIarHOCTOBAHOIO, CIIPUYMHSIONN penUANBYI0i iH(eKIil, GopMyBaHHS ABOOITHOTO
ypereporinponedposy i, Ik HacTiJoK, — mporpecyBaHns X XH. HaBiTs 3a BincyTHOCTI apTepiaibHOI rinepTeHsii Ta 3aTpiuMKH (i3HIHO-
TO PO3BUTKY Y TAIli€HTKN copMyBanncs cucteMHi ycknagaeHHs X XH, 30kpema, Tsbkka aHeMis], TOpYyIIeHHsS MiHEpaIbHOTO OOMIHY,
KHCJIOTHO-OCHOBHOTO CTaHY Ta PiBHS €JICKTPOITIB. BHIisIeH] MPUYMHY Mi3HEOT AiarHOCTHKY IOPYIIEHb YPOIXMHAMIKH Ta IIPOTPEeCyBaHHS
XXH no 4 cranii y qiBYNHKH, TPOBEACHHH aHANI3 IHPOPMAIIHHUX IKEepe.

BucnoBku. J{71s 611601 paHHBOI AIaTHOCTHKY B JAHOMY BHIIQJIKY OYB BaXIMBUM JHHAMIYHUN KOHTPOJIb 3aTaIbHOTO aHAIII3Y Cedi
3 ypaxyBaHHSM [TOKa3HHKA IUIBHOCTI, KOHTPOIb Y3/l HUPOK IMicJIs JTIKBifAIil aKTHUBHOCTI 3aITaIbHOTO IIpoliecy, BUKoHaHHs Y 3]] cedo-
BOTO MiXypa JI0 Ta MiCJIs MIKIIi1, TPOBEAEHHS MIKIiifHOT UcTOrpamMy. Y BeIEHHI HAII€HTIB 3 TUCHYHKIIEIO CEYOBOTO MiXypa BasKIIMBUM
€ TIOCITIJJOBHICTH Yy POOOTI CTAIiOHAPHOTO Ta aMOYJIaTOPHOTO €TaliB HaJaHHS MEANYHOI IOOMOTH, MY/ISTHANCIHUILTIHApHA B3a€MOIis
JUTSYOT0 He(hpoJIoTa, AUTSIIOTO YpOIIora, ImeAiarpa Ta ciMeHHOTO JIiKapsi.

Kurouosi ciioBa: nitu; XpOHIYHA XBOpoOa HUPOK; MOMIKO/KEHHST HUPOK; MapKepH MOIIKOHKEHHS HUPOK, MIBUAKICTH KITy0od-

KOBOI (inbTpanii, HeporeHHa AUCQYHKIIS CEI0BOTO MiXypa 3a TIOTOHIYHUM THIIOM.
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