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Abstract

Congenital obstructive nephropathy (CON) is one of the most common causes of chronic kidney 
disease in children. The aim of the study was to investigate serum and urine periostin and cytokeratin-18 
(CK-18) in children with CON in relation to CON etiology, treatment, and kidney injury. We evaluated 
81 children with CON secondary to ureteropelvic junction obstruction (UPJO), ureterovesical junction 
obstruction (UVJO), posterior urethral valves (PUV) and 60 controls. Neither biomarker demonstrat-
ed any relation to CON etiology. However, all patients showed significantly higher urine periostin 
(uPeriostin) and uPeriostin/Cr levels than the controls. Also, UVJO patients showed higher sCK-18 
and uCK-18/Cr levels, and PUV patients showed higher uCK-18/Cr levels than the controls. Neither 
biomarker was found to have any relation to CON treatment. However, conservatively treated children 
and those before and after surgery showed significantly higher uPeriostin and uPeriostin/Cr levels than 
the controls. uPeriostin strongly correlated with differential renal function (DRF) < 40%. The ROC 
analysis demonstrated the best area under the curve (AUC) for uPeriostin (0.831) and uPeriostin/Cr 
(0.768), and low for sPeriostin (0.656) and uCK-18 (0.615) for detecting renal injury. In conclusion, 
although serum and urine periostin and CK-18 did not display any relation to etiology or the type  
of CON treatment, uPeriostin seems to be a useful tool for detecting renal injury in children with CON, 
especially due to its strong negative correlation with DRF < 40%.
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Introduction
Congenital obstructive nephropathy (CON) results 

from multiple functional and morphological disorders 
associated with obstruction in the urine flow, which are 
responsible for interstitial fibrosis, tubular and vascular at-
rophy, and glomerular sclerosis. Glomerular hyperfiltration 
and glomerular sclerosis of the remaining nephrons lead 
to chronic kidney disease (CKD) [1]. Although congen-
ital obstruction of the urinary tract is not always related 
to CON [2], the unfavorable prognosis in children with 
obstructive uropathy mandates a search for new, simple 
markers, which would enable early diagnosis of renal in-
jury and early intervention in children at risk of renal dam-
age, and predict long-term outcome.

Periostin is an extracellular matrix (ECM) protein, in-
duced during embryogenesis in tissues exposed to mechan-
ical load such as periodontal ligament, periosteum, cardiac 
valves, annuli, lung, stomach, skin, and tendons [3], and 
detected only in small amounts in healthy people [4]. Peri-
ostin is produced de novo in kidneys, heart, lung, skin, 

bone, in allergic and metabolic chronic diseases, and during 
mechanical stress and cancer growth. It promotes the pro-
gression of fibrosis via ECM remodeling and inflamma-
tory cell infiltration, and is involved in post-injury tissue 
repair and wound healing [3, 5]. Cytokeratin-18 (CK-18) 
is a cytoskeletal protein widely expressed in epithelial and 
parenchymal cells. It plays a pivotal role in maintaining cell 
shape, integrity, cell signaling, intracellular organization, 
transport, differentiation, and proliferation. It protects the 
cell from mechanical and non-mechanical stress [6]. CK-18 
has been investigated in experimental and clinical studies, 
and found to be a potential marker of various pathological 
conditions such as heart failure, liver diseases, cancers, 
acute kidney injury (AKI) and CKD [5, 7, 8]. 

To the best of our knowledge, there are no studies in 
the available literature investigating the usefulness of se-
rum periostin and CK-18 in humans with CON. The aim 
of this study was to assess serum and urine periostin and 
CK-18 in children with CON in relation to CON etiology, 
treatment, and kidney injury.
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Material and methods

This cross-sectional single-center study was performed 
in 81 children with CON, who were treated in a tertiary pe-
diatric nephrology center in Poland. The study was conduct-
ed between July 2016 and April 2019. The inclusion criteria 
were: age from 6 months to 18 years and presence of CON 
secondary to ureteropelvic junction obstruction (UPJO), 
ureterovesical junction obstruction (UVJO), and posterior 
urethral valves (PUV). The exclusion criteria were: the pres-
ence of chronic allergic, inflammatory, or fibrotic disease, 
coexisting anomalies of the urinary tract, except secondary 
vesicoureteral reflux (VUR) in children with PUV, surgical 
intervention in the last 12 months, urinary tract infection 
(UTI) in the last 6 months and acute infection (temporary 
exclusion). The control group consisted of 60 healthy chil-
dren with normal results of blood and urine tests, and ultra-
sound (US) of the urinary tract, and no history of allergy. 
The flow diagram of the participants is displayed in Figure 1.

In all participants, age (years), sex, serum, and urine 
creatinine (Cr) concentration were evaluated. Estimated 
glomerular filtration rate (GFR; ml/min/1.73 m2) accord-
ing to the revised 2009 Schwartz formula was calculated 
[9]. Urinalysis and urine culture were performed to rule 
out UTI. Biochemical parameters were measured using the 
VITROS 5600 Integrated System (Ortho Clinical Diagnos-
tics). The normal value of serum Cr (sCr) depending on 
age was 0.2-0.7 mg/dl. Blood and urine samples were ob-
tained on fasting in the morning, immediately centrifuged 
according to the manufacturers’ instructions, frozen, and 
stored at –80°C. The biomarkers were measured using com-
mercially available enzyme-linked immunosorbent assay 
(ELISA) kits. Serum periostin (sPeriostin) was assessed 

using kit Cat. No. BI 20433 from Biomedica Medizinpro-
dukte GmbH, Vienna, Austria; urine periostin (uPeriostin) 
was assessed using kit Cat. No. HUDLO 02367 Human 
Periostin (POSTN) from Reagent Genie, Dublin, Ireland; 
serum CK-18 (sCK-18) and urine CK-18 (uCK-18) were 
assessed using kit Cat. No. HUFI 02320, Human CK-18/
KRT18/Cytokeratin-18 from Reagent Genie, Dublin, 
Ireland. Urine biomarkers were adjusted to the urine Cr 
(uCr) levels, measured from the same urine samples, and 
expressed as nanograms per milligram Cr (ng/mg). 

In all children, abdominal US and 99mTechnetium-eth-
ylenedicysteine (99mTc-EC) renal scintigraphy (SC) were 
performed at study entry. US was performed using a Philips 
Epiq 5G device (Royal Philips, Amsterdam, The Nether-
lands) in B-mode. Pelvic dilatation was classified based on 
the anterior-posterior diameter (APD) of the renal pelvis as 
follows: mild APD < 15 mm, moderate APD 15-25 mm, se-
vere APD > 25 mm [10]. Renal SC was conducted to assess 
differential renal function (DRF) of the affected kidney, 
half-time (T1/2) of tracer excretion, and permanent lesions 
in renal parenchyma. DRF < 40% and > 55% was consid-
ered abnormal and T1/2 > 20 min suggested obstruction 
[11]. CON was diagnosed based on the presence of perma-
nent lesions in renal parenchyma: narrowed parenchymal 
layer or abnormal renal outline, and disorder in tracer up-
take. Voiding cystourethrography was performed at the time  
of uropathy diagnosis to rule out VUR. 

The study was approved by the local Bioethics Com-
mittee (permission No. KB/152/2016) before initiation and 
was conducted in accordance with the guidelines of the 
2013 Declaration of Helsinki. Written informed consent 
was obtained from all participant representatives and par-
ticipants (≥ 16 years) prior to study inclusion. 

Chronic diseases 
(n = 15) 

Potentially eligible children admitted 
to the tertiary center of pediatric nephrology 
in the period from July 2016 to April 2019 

Children with CON 
(renal scars in scintigraphy)

(n = 210)
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(n = 67)

Children with CON included 
in the study group 

(n = 81) 
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Fig. 1. Flow diagram

CON – congenital obstructive nephropathy, UTI – urinary tract infection
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Statistical analysis 
Statistical analysis was performed using the program 

Statistica ver. 13.3 PL (StatSoft, Tulsa, OK, USA). Data 
distributions and tests of normality were evaluated with the 
Shapiro-Wilk test. Data were reported as absolute num-
bers and percentages, mean ± standard deviation or medi-
an and interquartile ranges (IQRs). Student’s t-test or the 
Mann-Whitney U-test (depending on variables distribution) 
was used to compare two groups of variables. Differences 
between four subgroups were analyzed using the ANOVA 
or Kruskal-Wallis test with a post hoc test. Pearson’s or 
Spearman’s rank correlation evaluated the correlations be-
tween variables. Receiver operating curve (ROC) analysis 
was performed to determine the best cut-off, sensitivity, 
specificity, and accuracy of serum and urine periostin and 
CK-18 for detection of CON. P values less than 0.05 were 
considered statistically significant for all tests.

Results
We evaluated 81 children with CON secondary to 

UPJO (65%), UVJO (21%) and PUV (14%), and 60 healthy 
children as a control group (Table 1). CON was diagnosed 
more often in boys than girls. Defect of the urinary tract 

was recognized the earliest in children with UVJO. These 
children were also the youngest at the study entry and at 
the time of surgery. APD of renal pelvis > 25 mm in US 
was found only in 19% of patients with UPJO. Reduced 
DRF of affected kidney < 40% in SC was found in 24% 
of patients, including 25% of patients with UPJO, 12% 
with UVJO, and 36% with PUV. According to T1/2 tracer 
excretion > 20 min, significant obstruction was found in 
52% of patients, including 62% of patients with UPJO, 
35% with UVJO, and 27% with PUV. Conservative treat-
ment was used in 59% of children, 24% of children were 
included in the study before surgery, and 17% after surgery. 
18 (34%) children with UPJO and 4 (24%) with UVJO 
required surgical treatment. In children with PUV, valve 
resection was performed. 

Children with UPJO had significantly lower mean sPe-
riostin levels than the controls, and children with UPJO, 
UVJO, and PUV had significantly higher median uPeri-
ostin and uPeriostin/Cr levels than the controls (Table 2). 
Median sCK-18 and uCK-18/Cr levels were significantly 
higher in UVJO patients, and mean uCK-18 level was sig-
nificantly higher in PUV patients than the controls. Chil-
dren with UPJO and PUV showed significantly lower mean 
GFR levels than the controls (106.15 ±16.27, 96.51 ±16.56 

Table 1. Demographic and clinical data of the study groups and the control group

Variables Etiology of CON Controls

UPJO UVJO PUV Total

No. patients, n (%) 53 (65) 17 (21) 11 (14)  81 (100)  60 (100)

Sex (male), n (%) 38 (72)  9 (53)  11 (100) 58 (72) 39 (65)

Age at diagnosis (years) 0.81 (0.10; 6.01) 0.28 (0.11; 0.49) 0.47 (0.06; 2.68) 0.40 (0.10; 4.98) –

Age at study entry (years)  4.83 (0.92; 10.25) 0.92 (0.58; 1.33)  6.58 (1.08; 10.88) 3.92 (0.67; 9.17) 4.08 (1.83; 10.08)

Ultrasonography, n (%)

APD of renal pelvis

  < 15 mm 24 (45) 15 (88) 11 (100) 50 (62)

–  15-25 mm 19 (36) 2 (12) 0 (0) 21 (26)

  > 25 mm 10 (19) 0 (0) 0 (0) 10 (12)

Renal scintigraphy, n (%)

  DRF < 40% 13 (25) 2 (12) 4 (36) 19 (24)

–

  DFR ≥ 40% 40 (75) 15 (88) 7 (64) 62 (76)

T1/2 tracer excretion

  ≤ 20 min 20 (38) 11 (65) 8 (73) 39 (48)

  > 20 min 33 (62)  6 (35) 3 (27) 42 (52)

Treatment, n (%)

–
Conservative 35 (66) 13 (76) 0 (0) 48 (59)

Before surgery 13 (25) 3 (18) 3 (27) 19 (24)

After surgery 5 (9) 1 (6) 8 (73) 14 (17)

CON – congenital obstructive nephropathy, UPJO – ureteropelvic junction obstruction, UVJO – ureterovesical junction obstruction, PUV – posterior urethral 
valves, APD – anterior-posterior diameter, DRF – differential renal function of affected kidney, T1/2 – half-time of tracer excretion
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vs. 121.60 ±26.09, p < 0.001, p = 0.002 respectively). The 
post hoc test confirmed significantly lower levels of sPe-
riostin in children with UPJO, significantly higher levels 
of uPeriostin in children with UPJO, UVJO, and PUV, 
and significantly higher levels of uPeriostin/Cr in UPJO 
and UVJO children than in the controls (Fig. 2). There 
were no significant differences in serum and urine perios-
tin and CK-18 levels between children with UPJO, UVJO 
and PUV. Children with UPJO and PUV had significant-
ly higher median Cr levels than UVJO patients (0.40, 
0.30-0.50; 0.50, 0.30-0.70 vs. 0.30, 0.20-0.30; p = 0.002,  
p = 0.005 respectively) and children with PUV demon-
strated significantly lower mean GFR levels than UVJO 
patients (96.51 ±16.56 vs. 115.90 ±23.05, p = 0.035).  
No other differences between Cr and GFR levels and CON 
etiology were found. 

Children conservatively treated and those before and 
after surgery had significantly higher median uPeriostin 
and uPeriostin/Cr levels than the controls (Table 3). How-

ever, those after surgery had a significantly lower mean 
sPeriostin level than the controls. There were no other 
differences in biomarker levels between studied groups 
and the controls. The post hoc test confirmed significantly 
higher uPeriostin levels in all patients, regardless of CON 
treatment and significantly higher uPeriostin/Cr levels in 
children conservatively treated and before surgery com-
pared to the controls (Fig. 3). 

We found no differences in serum and urine biomark-
ers depending on APD of the renal pelvis in US, and DRF 
values in SC, as well as no correlations between biomark-
ers and GFR and APD (data not shown). We only found 
a strong negative correlation of uPeriostin with DRF  
< 40% (r = –0.53, p = 0.020).

ROC analysis demonstrated the highest usefulness of 
uPeriostin area under the curve (AUC: 0.831) and uPeri-
ostin/Cr (AUC: 0.768), and low usefulness of sPerios-
tin (AUC: 0.656) and uCK-18 (AUC: 0.615) for detect-
ing renal injury in children with CON (Table 4, Fig. 4).  

Table 2. Comparison of biomarkers between children with different etiology of CON and the controls. A. Comparison 
of biomarkers in children with UPJO and the controls. B. Comparison of biomarkers in children with UVJO and the 
controls. C. Comparison of biomarkers in children with PUV and the controls

A. Variables UPJO
(n = 53)

Controls
(n = 60)

p

sPeriostin (ng/ml) 13435 ± 4410 16344 ± 7699 0.008

uPeriostin (ng/ml) 0.088 (0.062; 0.149) 0.028 (0.013; 0.052) < 0.001

uPeriostin/Cr (ng/mg) 0.208 (0.120; 0.459) 0.081 (0.024; 0.164) < 0.001

sCK-18 (ng/ml) 1.79 (1.28; 8.83) 1.62 (1.38; 6.01) 0.546

uCK-18 (ng/ml) 0.373 ± 0.153 0.320 ± 0.162 0.082

uCK-18/Cr (ng/mg) 0.686 (0.291; 1.64) 0.562 (0.293; 1.580) 0.406

B. Variables UVJO
(n = 17)

Controls
(n = 60)

p

sPeriostin (ng/ml) 15568 ± 3851 16344 ± 7699 0.577

uPeriostin (ng/ml) 0.098 (0.053; 0.132) 0.028 (0.013; 0.052) < 0.001

uPeriostin/Cr (ng/mg) 0.443 (0.180; 0.587) 0.081 (0.024; 0.164) < 0.001

sCK-18 (ng/ml) 3.89 (1.840; 25.08) 1.62 (1.380; 6.01) 0.041

uCK-18 (ng/ml) 0.379 ± 0.127 0.320 ± 0.162 0.172

uCK-18/Cr (ng/mg) 1.78 (0.880; 2.39) 0.562 (0.293; 1.580) 0.024

C. Variables PUV
(n = 11)

Controls
(n = 60)

p

sPeriostin (ng/ml) 13361 ± 3638 16344 ± 7699 0.162

uPeriostin (ng/ml) 0.140 (0.075; 0.190) 0.028 (0.013; 0.052) < 0.001

uPeriostin/Cr (ng/mg) 0.287 (0.083; 0.397) 0.081 (0.024; 0.164) 0.016

sCK-18 (ng/ml) 2.30 (1.15; 118.65) 1.62 (1.38; 6.01) 0.540

uCK-18 (ng/ml) 0.440 ± 0.182 0.320 ± 0.162 0.031

uCK-18/Cr (ng/mg) 0.783 (0.328; 1.840) 0.562 (0.293; 1.580) 0.824

CON – congenital obstructive nephropathy, UPJO – ureteropelvic junction obstruction, UVJO – ureterovesical junction obstruction, PUV – posterior urethral 
valves, s – serum, u – urine, Cr – urine creatinine, CK-18 – cytokeratin-18
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sCK-18 showed the highest specificity and uCK-18 the high-
est sensitivity for detecting renal injury in those children.

The study demonstrated mutual correlations between 
biomarkers. sPeriostin showed positive correlations with 
uPeriostin/Cr and uCK-18/Cr in the study group, and uPe-
riostin in the control group (Table 5). sCK-18 showed pos-
itive correlations with uCK-18 and uCK-18/Cr in the study 
group, and uCK-18/Cr in the control group. 

Serum and urine biomarkers demonstrated nega-
tive correlations with age. sPeriostin, uPeriostin/Cr and  
uCK-18/Cr revealed strong negative correlations with age 
in the study group (Fig. 5), and uPeriostin/Cr, sCK-18, 
and uCK-18/Cr showed weak negative correlations with 
age in the control group (r = –0.32, p = 0.014; r = –0.32,  
p = 0.011; r = –0.50, p < 0.001, respectively). We also 

found strong negative correlations of uPeriostin/Cr 
and uCK-18/Cr with uCr in the study group (r = –0.68,  
r = –0.93, respectively, p for all < 0.001) and the control 
group (r = –0.59, r = –0.68, respectively, p for all < 0.001). 

Discussion

To date, more than 100 studies have been published 
evaluating the usefulness of biomarkers in CON. The 
authors mainly studied patients with unilateral ureter ob-
struction (UUO) [12, 13]. We also evaluated children with 
CON secondary to UVJO and PUV, and found that CON 
was more often diagnosed in boys than girls, which is in 
line with other studies [11, 14]. Our study demonstrated 
that children with different CON etiology showed higher 

A

C

B

Fig. 2. Comparison of biomarkers in children with UPJO, 
UVJO, PUV, and the controls: A) serum periostin, B) urine 
periostin, C) urine periostin/creatinine ratio

UPJO – ureteropelvic junction obstruction, UVJO – ureterovesical junction 
obstruction, PUV – posterior urethral valves
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Table 3. Comparison of biomarkers between children with different types of CON treatment and the controls. A. Com-
parison of biomarkers between children treated conservatively and the controls. B. Comparison of biomarkers between 
children before surgery and the controls. C. Comparison of biomarkers between children after surgery and the controls

A. Variables Conservative treatment
(n = 48)

Controls
(n = 60)

p

sPeriostin (ng/ml) 14122 ± 4448 16344 ± 7699 0.053

uPeriostin (ng/ml) 0.086 (0.055; 0.141) 0.028 (0.013; 0.052) < 0.001

uPeriostin/Cr (ng/mg) 0.263 (0.124; 0.511) 0.081 (0.024; 0.164) < 0.001

sCK-18 (ng/ml) 1.94 (1.38; 21.60) 1.62 (1.38; 6.01) 0.416

uCK-18 (ng/ml) 0.369 ± 0.148 0.320 ± 0.162 0.107

uCK-18/Cr (ng/mg) 0.826 (0.292; 2.13) 0.562 (0.293; 1.580) 0.402

B. Variables Before surgery
(n = 19)

Controls
(n = 60)

p

sPeriostin (ng/ml) 14844 ± 4231 16344 ± 7699 0.197

uPeriostin (ng/ml) 0.093 (0.080; 0.192) 0.028 (0.013; 0.052) < 0.001

uPeriostin/Cr (ng/mg) 0.331 (0.162; 0.591) 0.081 (0.024; 0.164) < 0.001

sCK-18 (ng/ml) 1.77 (1.09; 33.83) 1.62 (1.38; 6.01) 0.415

uCK-18 (ng/ml) 0.399 ± 0.166 0.320 ± 0.162 0.064

uCK-18/Cr (ng/mg) 1.40 (0.508; 2.41) 0.562 (0.293; 1.580) 0.105

C. Variables After surgery
(n = 14)

Controls
(n = 60)

p

sPeriostin (ng/ml) 11701 ± 2829 16344 ± 7699 0.030

uPeriostin (ng/ml) 0.133 (0.078; 0.208) 0.028 (0.013; 0.052) < 0.001

uPeriostin/Cr (ng/mg) 0.158 (0.100; 0.287) 0.081 (0.024; 0.164) 0.008

sCK-18 (ng/ml) 2.73 (1.15; 70.80) 1.62 (1.38; 6.01) 0.140

uCK-18 (ng/ml) 0.409 ± 0.154 0.320 ± 0.162 0.077

uCK-18/Cr (ng/mg) 0.589 (0.274; 0.897) 0.562 (0.293; 1.580) 0.756

CON – congenital obstructive nephropathy, s – serum, u – urine, Cr – urine creatinine, CK-18 – cytokeratin-18

Fig. 3. Comparison of biomarkers in children with a different type of CON treatment and the controls A) urine periostin, 
B) urine periostin/Cr ratio

CON – congenital obstructive nephropathy
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Table 4. Diagnostic usefulness of biomarkers for detecting renal injury in children with obstructive nephropathy

Variable AUC (95% CI) p Cut-off Sensitivity (%) Specificity (%) Accuracy (%)

sPeriostin (ng/ml) 0.656 (0.563-0.748) 0.001 14.939 64.2 67.8 65.7

uPeriostin (ng/ml) 0.831 (0.762-0.900) < 0.001 0.062 75.3 80.0 77.3

uPeriostin/Cr (ng/mg) 0.768 (0.688-0.855) < 0.001 0.120 77.8 70.0 73.8

sCK-18 (ng/ml) 0.564 (0.469-0.659) 0.185 26.14 23.5 98.3 55.3

uCK-18 (ng/ml) 0.615 (0.519-0.710) 0.019 0.272 80.2 43.3 61.9

uCK-18/Cr (ng/mg) 0.557 (0.482-0.672) 0.114 0.666 58.0 58.3 58.2

s – serum, u – urine, Cr – urine creatinine, CK-18 – cytokeratin-18

Fig. 4. Diagnostic usefulness of biomarkers for detecting renal injury in children with obstructive nephropathy A) serum 
periostin (ng/ml), B) urine periostin (ng/ml), C) urine periostin/Cr (ng/mg), D) urine cytokeratin-18 (ng/ml)
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Table 5. Correlations of serum periostin and cytokeratin-18 with other biomarkers in the study group and the control 
group

Variable Study group Control group

sPeriostin sCK-18 sPeriostin sCK-18

r p r p r p r p

sPeriostin – – 0.02 0.874 – – 0.11 0.425

uPeriostin –0.03 0.802 –0.12 0.289 0.45 < 0.001 –0.05 0.683

uPeriostin/Cr 0.60 < 0.001 0.06 0.596 –0.09 0.515 0.08 0.543

sCK-18 0.02 0.874 – – 0.11 0.425 – –

uCK-18 0.14 0.221 0.22 0.046 0.02 0.855 0.17 0.182

uCK-18/Cr 0.53 < 0.001 0.30 0.008 0.10 0.436 0.31 0.016

s – serum, u – urine, Cr – urine creatinine, CK-18 – cytokeratin-18

uPeriostin and uPeriostin/Cr levels than the controls. Al-
though children with PUV have the worst long-term prog-
nosis [15], we found no differences in biomarker levels 
between children with UPJO, UVJO, and PUV. It could 
be related to the small number of PUV children in our co-
hort. Periostin has been proposed as a marker of CKD. It 
is induced de novo in tubular injury and interstitial renal 
fibrosis. Increased expression of uPeriostin was reported 
in several animal models of kidney injury such as UUO, 
5/6 nephrectomy, ischemic/reperfusion, and in patients 

with AKI and CKD due to progressive glomerulonephri-
tis, diabetic and chronic allograft nephropathy (CAN) and 
polycystic kidney disease [4, 16-18]. 

Unexpectedly, patients with UPJO were found to have 
lower levels of sPeriostin than the controls. Similarly, in 
the study by Fujitani et al. sPeriostin levels were signifi-
cantly higher in the control group than in the clinical and 
subclinical allergy group until age 3 [19]. When interpreting 
sPeriostin levels, it should be remembered that periostin is 
a relatively nonspecific biomarker and may be influenced 

Fig. 5. Correlations between age and biomarkers in the 
study group A) serum periostin, B) urine periostin/Cr,  
C) urine cytokeratin-18/Cr
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by different factors, such as allergy or heart disease [3, 20]. 
Moreover, sPeriostin is of limited usefulness in children 
due to high secretion by osteoblasts, bone turnover, and 
growth in this age [20]. The heterogeneity of patient 
age in our study may have influenced the results. We 
also found that children with UVJO showed significant-
ly higher levels of sCK-18 and uCK-18/Cr, and children 
with PUV had a higher level of uCK-18 than the controls.  
CK-18 is released into the circulation in response to cell 
death [8]. The presence of CK-18 in urine is most likely 
related to the progressive degradation of tubular cells. An 
increase of uCK-18 levels was found in animal models of 
adenine nephropathy, Alport syndrome, and patients with 
AKI and CKD due to different types of renal disease [6, 21].

The US and SC results do not always allow to identify 
patients who need surgical treatment to prevent renal in-
jury and those who may be safely observed [2, 11]. In our 
study, 24% of patients were included in the study before 
surgery, and 17% of patients after surgery. Therefore, we 
could not assess the usefulness of US, SC and biomark-
ers to distinguish between children who need surgical 
treatment and those who may be conservatively treated. 
We found no relations between biomarkers and results 
of US and SC, except a strong negative correlation be-
tween uPeriostin and decreased DRF < 40%. This finding 
is consistent with previous studies testing the usefulness 
of biomarkers in UUO [22, 23]. Paraboschi et al., based 
on a systematic review in 2019, assessed 28 biomarkers 
in terms of indications for surgical treatment in UUO and 
concluded that, due to low sensitivity or specificity, none 
of the biomarkers could be validated in routine practice 
[13]. In the present study, we found no differences in 
serum and urine periostin and CK-18 between children 
conservatively treated and those before and after surgery. 
However, regardless of treatment method, children with 
CON showed significantly higher uPeriostin and uPeri-
ostin/Cr levels than the controls. All children with CON 
showed lower levels of sPeriostin than the controls, but the 
difference was significant only in children after surgery. 

Some researchers noted that high preoperative  
levels of urine biomarkers decreased significantly 2 to  
12 months after surgery [13]. In contrast, the results of 
others studies have indicated elevated levels of biomark-
ers despite correction of obstruction due to ongoing renal 
injury [24, 25]. In our study, elevated uPeriostin levels are 
indicative of progressive renal injury. The experimental 
model of UUO demonstrated high levels of uCK-18 in the 
early and advanced stages of the disease [6]. In contrast, 
Roth et al. reported elevated levels of sCK-18 and uCK18 
only in the advanced stages of CKD [21]. It is possible 
that the lack of difference in CK-18 levels in our cohort 
could be attributed to normal sCr levels in the majority 
of our children, as well as to the diverse mechanism of 
action of these markers. Periostin plays a central role in 
renal damage and remodeling in CKD, while CK-18 is 
a cytoprotective protein [6]. 

Currently used imaging techniques do not provide in-
formation about the early stage of renal injury. Conven-
tional laboratory parameters increase only after significant 
loss of functioning nephrons [1]. Although all our patients 
demonstrated varying intensity of renal injury in SC in 
this study, and 24% of them have DRF less than 40%, 
slightly elevated sCr was seen only in 7.4% of patients. 
ROC analysis demonstrated higher usefulness of uPeri-
ostin than uPeriostin/Cr and sPeriostin for detecting renal 
injury in children with obstructive uropathy. Among the 
studied biomarkers, uPeriostin had the highest area under 
the curve (AUC: 0.831) and accuracy (77.3%). The results 
of our study revealed some similarities with other studies. 
Satirapoj et al. reported a good diagnostic profile of uPeri-
ostin/Cr (AUC: 0.830) for detecting renal fibrosis in CAN 
patients [17]. Hwang et al. reported a moderate diagnos-
tic profile of uPeriostin/Cr (AUC: 0.782) for predicting 
CKD progression in IgA nephropathy [18]. We found low 
usefulness of uCK-18 (AUC: 0.613) for detecting renal 
injury. However, sCK-18 showed the highest specificity 
(98.3%) and uCK-18 the highest sensitivity (80.2%) for 
detecting renal injury in obstructive nephropathy. Roth et 
al. showed the potential of serum and urine CK-18 for pre-
dicting advanced stages of CKD [21], and Schmitt et al. 
pointed out the potential of sCK-18 for predicting delayed 
renal graft function [26]. Our previous study demonstrat-
ed a high diagnostic profile of uPeriostin (AUC: 0.849) 
and low profile of uCK-18 for diagnosing advanced renal 
scars in children with CON. However, uPeriostin did not 
differentiate advanced scars from borderline lesions [27].

This study revealed mutual correlations between bio-
markers. We can speculate that the positive sPeriostin rela-
tion with uPeriostin could be associated with periostin glo-
merular filtration [4], and a positive correlation of sCK-18 
with uCK-18 may be the result of renal reabsorption due 
to the low molecular weight of CK-18. This hypothesis is 
supported by the results of Roth et al., who reported high-
er levels of sCK-18, and increased fractional excretion of 
uCK-18 in advanced stages of CKD [21].

In our study, serum biomarkers and urine biomarkers 
normalized to Cr demonstrated negative correlations with 
age. Limited studies have confirmed a negative correla-
tion of sPeriostin with age [20, 28, 29]. Reported data on 
sCK-18 are inconclusive. No age dependence of sCK-18 
and uCK-18 has been demonstrated in the adult population 
[21, 30]. In the pediatric population, available studies show 
a negative correlation of the serum caspase-cleaved frag-
ments of CK-18 with age [31]. These fragments are con-
sidered as markers of increased apoptosis during CKD pro-
gression [21]. In the current study, the negative correlation 
of normalized biomarkers with age could be influenced by 
the relatively large number of young children. Low urine 
Cr excretion in young children results in higher values of 
normalized biomarkers than in older ones [1]. We found no 
relations of uPeriostin and uCK-18 with age in the study 
group. That is why we can assume that these two mole-
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cules reflect a pathological process of kidney damage in 
children with CON. However, more research is needed to 
evaluate their exact role in kidney disease. 

This study is limited by its cross-sectional nature, pre-
venting us from drawing a causal conclusion. A single-cen-
ter study design may result in bias occurrence. Heteroge-
nicity of patient ages, difference in treatment method and 
patients’ follow-up as well as relatively small subgroups 
may have influenced the results.

Conclusions
Neither biomarker demonstrated any relation with the 

etiology of CON. However, all patients, regardless of eti-
ology of CON, demonstrated higher levels of uPeriostin 
and uPeriostin/Cr than the controls, UVJO patients showed 
higher levels of sCK-18 and uCK-18, and PUV patients 
showed higher levels of uCK-18/Cr than the controls. We 
also found no relation with CON treatment. Regardless of 
the type of treatment, patients revealed higher levels of 
uPeriostin and uPeriostin/Cr than the controls. We test-
ed a panel of biomarkers, but only uPeriostin seems to be 
a useful tool for detecting renal injury in children with 
CON, especially due to its strong negative correlation with 
DRF < 40%. We believe that the evaluation of uPeriostin 
may help the management of CON in children.

The authors declare no conflict of interest.
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