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FEATURES OF FORMATION AND PROGRESSION
OF CHRONIC KIDNEY DISEASE IN CHILDREN

WITH PYELONEPHRITIS AND VESICOURETERAL REFLUX

Morozova O.

Kharkiv National Medical University, Kharkiv, Ukraine

Vesicoureteral reflux (VUR) is observed in 40 % of children with pyelonephritis and is one of
the leading causes of its recurrent course, which subsequently leads to chronic kidney
disease. The purpose of this study was to determine the peculiarities of the formation and
progression of chronic kidney disease in children with pyelonephritis and vesicoureteral
reflux. The clinical material from 141 children aged from 6 months to 17 years with grade
I–V VUR in the period of clinical and laboratory remission of pyelonephritis was analyzed.
The study showed that the risk of developing scarring of renal parenchyma in children with
high-grade VUR was 8 times higher than in children with grade I-II VUR. And the risk of
developing scarring of the renal parenchyma in patients with grade V VUR is 3.8 times
higher than in children with grade III–IV VUR. In recurrent pyelonephritis, the risk of
scarring of the renal parenchyma is 1.8 times higher than in one episode of inflammation. In
patients with a high grade of reflux, the risk of recurrent pyelonephritis is 2.6 times higher
than in children with grade I-II VUR. In patients with pyelonephritis and high-grade VUR,
with signs of systemic undifferentiated connective tissue dysplasia, the risk of developing
scarring of the renal parenchyma is 33.9 times higher. Depending on the grade of VUR and
the presence of signs of scarring of the renal parenchyma, the degree of CKD increases,
which reflects the functional state and severity of pathological changes in the kidneys.
Formation and progression of chronic kidney disease in children with pyelonephritis and
VUR depends on the course of pyelonephritis, the grade of VUR and presence of signs of
scarring in the renal parenchyma.
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Introduction. Vesicoureteral reflux (VUR)
is observed in 40% of children with pyelonephritis
and is one of the leading causes of its recurrent
course [1, 2]. Recurrent course and chronic
interstitial inflammation of the kidneys, especially
secondary to VUR, initiates the development and
progression of nephrosclerosis in 30–60 % of
patients, leading to chronic kidney disease, and
subsequently chronic renal failure in 25–60 % of
patients [3–6]. Despite the fact that VUR has
been studied for more than a century, no
pathognomonic symptoms have yet been
detected. It is for this reason that VUR is often
diagnosed and treated at late stages, as late as in
the presence of signs of scarring of the renal
parenchyma. A lot of studies have been carried

out over the last decade to find early diagnostic
criteria for kidney damage in children with VUR
[7, 8]. However, there is a lack of information on
the peculiarities of the formation and progression
of chronic kidney disease in children with
pyelonephritis and vesicoureteral reflux.

2. Purposes, subjects and methods:
2.1. Purpose – is to determine the

peculiarities of the formation and progression of
chronic kidney disease in children with
pyelonephritis and vesicoureteral reflux.

2.2. Subjects & Methods. The study
involved assessment of clinical material from
141 children aged 6 months to 17 years with grade
I–V VUR in the period of clinical and laboratory
remission of pyelonephritis (more than 3 months
after the last episode of exacerbation). Taking
into account the grade of VUR and the method
of its correction, the examined children were
divided into three groups: Group 1 (n=24) included
patients with pyelonephritis and grade I–II VUR
after or at the stage of conservative treatment,
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Group 2 (n=87) comprised children with
pyelonephritis and grade III–IV VUR after
endoscopic correction, Group 3 (n=30) included
children with pyelonephritis and grade V VUR
after surgical correction of VUR. Statistical
analysis was performed using Stat Soft
STATISTICA Version 7 (Tulsa, OK). The planned
clinical trial was approved by the Medical Ethics
Committee of Kharkiv National Medical
University and was conducted in accordance with
the guidelines of Helsinki Declaration. All
participants and/or their parents gave written
informed consent to participate.

Conflict of interests. There is no conflict
of interests.

3. Results and discussion. Assessment of
age distribution showed that the number of
children of junior and preschool age (p <0.001)
(Table) was statistically more significant, which
corresponded to world statistics on the age
distribution of patients with VUR [9–13].

This may be a reflection of the fact that the
debut of pyelonephritis secondary to VUR most
often occurs at an early age. Gender distribution
analysis showed that, regardless of age, in all
groups of children with pyelonephritis and VUR,
the number of girls was statistically more
significant than boys (p <0.001), which does not
contradict the data of the European Association
of Urologists (EAU, 2012) [7].

According to the European Registry, provided
by the EDTA (European Dialysis and Transplant
Association), the incidence of congenital and
hereditary kidney diseases has increased in recent
decades, contributing to the development of CKD.
The progressive increase in the number of patients
with VUR is attributed to the pathology of
antenatal development [14–16]. Chronic
intrauterine fetal hypoxia has been found to be a
risk factor for the development of renal
dysembryogenesis. Assessment of medical
records concerning the course of pregnancy and
labor, heredity and premorbid background testify
to the negative influence of adverse factors on
the formation of congenital malformations of
urinary organs, which does not contradict the

literature data [17]. The researchers provide
evidence that the incidence of chronic
pyelonephritis and VUR is accompanied by a high
genealogical index [18]. Family histories of the
patients under examination showed the presence
of congenital malformations of the urinary organs,
pyelonephritis and urolithiasis in parents and / or
close relatives of 55 ((39.01 ± 9.95) %) patients.

Physical examination of patients with
pyelonephritis and VUR did not show any
probable differences between accelerated or
delayed physical development according to
individual components. The study showed that 33
((24.40 ± 3.56) %) patients of the main group
had a tendency to allergic reactions, 82 ((58.16 ±
4.15) %) patients had chronic foci of infections
of ENT organs, 47 (33.33 ± 3.97) % in the oral
cavity, which can significantly affect the
protective forces of the body and contribute to
the subsequent relapse of pyelonephritis. In 110
((78.01 ± 8.45) %) patients, pyelonephritis

manifested at a younger age (p <0.0001). Patients
of all groups with the same frequency came for
examination with changes in clinical analysis of
urine in the form of leukocyturia and fever of
unknown origin. Hyperthermia as the first
manifestation of pyelonephritis was observed
predominantly in young children, in rare cases,
fever was combined with dysuric signs, but no
significant intergroup differences were observed.
Pain syndrome and dysuric signs in manifestation
of pyelonephritis were predominantly observed
in adolescents. In one child, the reason for nephro-
urological examination, in addition to hyperthermia,
was an urgent surgical intervention due to
carbuncle of the left kidney.

According to the results of voiding
cystography, higher grades of VUR (III, IV, V)
(p<0.0001) were observed more frequently,
without a statistically significant difference
between the lesion side or bilateral localization
(total p<0.05), but unilateral lesion was more
frewent than bilateral in all grades of VUR
(p=0.0001). In 39 (27.66 ± 3.77 %) of the subjects
with pyelonephritis and VUR, there were signs
of scarring of the renal parenchyma. The risk of

Distribution of patients with pyelonephritis and VUR by age and gender

Notes: n is the number of observations; p% is sample share in percent; sp% is statistical error of the
sample share in percent; * is percent from the total number of patients.

Age
Gender

6 months – 6 years 7–11 years 12–17 years Total

n р%±sp% n р%±sp% N р%±sp% N р%±sp%

Boys 19 13.5±2.9 14 9.9±2.5 5 3.6±1.6 38 26.9±3.7

Girls 65 46.1±4.2 22 15.6±4.3 16 11.4±2.6 103 73.1±3.7

Total 84 59.7±4.1* 36 25.5±3.6* 21 14.9±2.9* 141 100.0±0.0
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developing scarring of the renal parenchyma in
children with high grades of VUR (III, IV, V) is
8 times higher than in children with grade I–
II VUR (RR = 8.00 [1.16; 55.44]). And the risk
of developing scarring of the renal parenchyma
in patients with grade V VUR is 3.8 times higher
than in children with grade III–IV (RR=3.38
[2.11; 5.43], p<0.05), which does not contradict
the literature [19, 20].

In the vast majority of subjects (68.79 ± 3.90  %,
p <0.0001), pyelonephritis secondary to VUR had
a recurring course with the number of episodes
from 2 to 6 (Figure). In recurring course of

pyelonephritis, the risk of scarring of the renal
parenchyma is 1.8 times (RR=1.81 [1,50; 2,18])
higher than in one episode of inflammation. The
risk of recurrent pyelonephritis in children with a
high reflux rate is 2.6 times (RR = 2.55 [1.35; 4.80])
higher than in children with grade I–II VUR.

Besides, 54.61 ± 10.16 % patients were found
to have concomitant kidney disease secondary
to VUR. Namely: 68 (48.23 ± 10.19 %) children
had dysmetabolic nephropathy, which was caused
not only by metabolic disorders, but also by the
presence of VUR, which created an obstacle to
the outflow of urine. Carbuncle of the kidneys,
as a purulent-inflammatory disease, was observed
in 1 child with a bilateral grade III VUR.
Urolithiasis was observed in isolated cases, but
in children with grade III–V VUR and mainly in
patients with signs of renal parenchymal scarring,
which may be due to reflux nephropathy, as also
confirmed by other studies [21]. Refluxing
megaureter and hydronephrosis were
predominantly (p<0.0001) observed in patients

with grade V VUR without a significant
difference between patients with signs of scarring
of the renal parenchyma and without them
(p=0.1063, p=0.77345, respectively). Other
congenital renal abnormalities, such as doubling
of pyelocalyceal system, Fraley syndrome, were
diagnosed in all groups of the children under
examination without intergroup differences.

In the vast majority of patients, 76 (53.90 ±
4.26 %) had signs of connective tissue dysplasia,
which, according to literature data, contributes to
the recurrence of pyelonephritis [22]. Statistically
more often (p<001) signs of undifferentiated

connective tissue dysplasia were observed in
patients with signs of scarring of kidney
parenchyma, which scientists are paying attention
to. The calculations showed that in children with
pyelonephritis and high grade of VUR with signs
of systemic undifferentiated dysplasia of the
connective tissue, the risk of developing scarring
of the renal parenchyma was 33.9 times higher
(RR=33.87 [4.78; 239.82]). The study detected
a tendency to an increase in the percentage of
children with recurrent pyelonephritis, depending
on the grade of VUR and the presence of signs
of scarring of the renal parenchyma.

It is noteworthy that, depending on the grade
of VUR and the presence of signs of scarring of
the kidney parenchyma, the number of patients
with a deflection of GFR from the normative
indexes increases. According to the results of the
analysis of indices of the state of glomerular
filtration and tubular renal function, it was found
that in the subjects of Group 1, renal function was
not disturbed; Group 2 and 3 had a significant

The ratio of patients with different grades of VUR depending on the course of pyelonephritis
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number of patients with a deflection of the GFR
from normative indices and with a decrease in
concentration kidney function, with the highest
specific gravity among patients with signs of renal
parenchyma scarring. Thus, depending on the
grade of VUR and the presence of signs of
scarring of the kidney parenchyma in the affected
patients, the degree of CKD increases, which
reflects the functional state and severity of
pathological changes in the kidneys.

Conclusions. Pathological course of
pregnancy, aggravated heredity on the part of
kidney diseases in parents and close relatives, high
grades of VUR, recurrent pyelonephritis and signs

of systemic undifferentiated connective tissue
dysplasia were identified as risk factors for the
formation and progression of chronic kidney
disease in children with pyelonephritis and
vesicoureteral reflux. This gives an opportunity
to identify them as a risk group for
nephrosclerosis, which is the cause of progression
of chronic kidney disease towards the terminal
stage of chronic renal failure. Thus, the formation
and progression of chronic kidney disease in
children with pyelonephritis and VUR depend on
the course of pyelonephritis, the degree of VUR
and the presence of signs of scarring of the renal
parenchyma.
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