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Abstract 

Background: Obstructive Nephropathy is any affection 
of the urinary tract characterized by impairment of urine flow 
through the tract and which, if left untreated, will cause pro-
gressive renal scarring. Interleukin-6 (IL-6) has been extensive-
ly studied in children with obstructive nephropathy, focusing on 
its association with renal scarring. Studies have shown elevated 
IL-6 levels in children with renal scarring, suggesting its poten-
tial as a biomarker for renal inflammation and scarring. 

Aim of Study: To evaluate the correlation between urinary 
IL-6 and renal scan in detecting renal scarring in children with 
obstructive nephropathy. 

Patients and Methods: This study is an observational ca-
secontrol study. This study was conducted at Pediatric Neph-
rology Department, Children’s Hospital, Ain Shams University. 
The study period was 6 months. The study population was 15 
admitted cases of proven obstructive nephropathy in an acute 
attack of pyelonephritis and 15 healthy matched controls.For 
all enrolled cases, full history was taken including age at diag-
nosis, presenting complaint on admission and past history of 
previous operations. Full clinical examination was conducted, 
laboratory investigations were done including kidney function 
tests, urine analysis, IL-6 level in urine and radiological investi-
gations including pelvi abdominal ultrasound and DMSA scan. 

Results: Mean age of the study group was 6 years and 
73% were males without any significant statistical difference 
between the two groups in age or sex. Majority of the cases 
were diagnosed as posterior urethral valve with bilateral vesi-
coureteric reflux and bilateral hydronephrosis, other diagnoses 
included primary vesicoureteric reflux, neurogenic bladder and 
ureteric stones.Our study showed that Our study investigated 
the correlation between urinary IL-6 levels, DMSA renal scans, 
and chronic kidney disease (CKD) grades in children with ob-
structive nephropathy. While we found that there was statisticall 
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significant increase in cases than control groups regarding IL-6 
level and that the level significally decreased after resolution 
of the attack of pyelonephritis (p<0.001), we didn’t observe a 
significant correlation between IL-6 levels and DMSA renal 
scan findings. Additionally, there was no significant correlation 
between IL-6 levels and different grades of CKD. 

Conclusion: This study found significantly elevated uri-
nary IL-6 levels in cases compared to controls during acute 
pyelonephritis and even after resolution but we didn’t observe 
a significant correlation between IL-6 levels and DMSA renal 
scan findings. Our findings suggest that while urinary IL-6 may 
serve as a marker of renal inflammation, it may not directly cor-
relate with the extent of renal scarring or the severity of CKD in 
pediatric patients with obstructive nephropathy. 

Key Words: Urinary IL-6 – Renal Scan Isotope – Renal Scar-
ring – Obstructive Nephropathy. 

Introduction 

OBSTRUCTIVE nephropathy refers to the me-
chanical or functional changes in the urinary tract 
that interfere with normal urinary flow; Once ob-
struction is set, it leads to progressive renal damage 
that is mainly characterized with tubulointerstitial 
fibrosis [1]. 

Causes of obstructive nephropathy in children 
could be congenital or acquired. Congenital causes 
could be pelvi-ureteric junction obstruction, pos-
terior urethral valves (PUV), urethral atresia, phi-
mosis, meatal stenosis and neurogenic bladder. The 
acquired causes could be calculi, post-traumatic and 
post-inflammatory strictures and meatal stenosis [2]. 

In UTIs differentiation between acute pyelo-
nephritis (APN) and lower urinary tract infection 
(LUTI) is recommended because of their therapeu-
tic and prognostic consequences [3]. 

Defense against mucosal infections relies on 
chemokines that engage inflammatory cells to the 
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mucosa. Pro-inflammatory cytokines, particularly 
interleukin-6 (IL-6), determined in urine (uIL-6) or 
serum (sIL-6), have been shown to be useful as bi-
ological indicators of renal involvement in UTI [4]. 

IL-6 is secreted by uroepithelial cells in response 
to bacterial invasion, particularly P-fimbriated Es-
cherichia coli. In healthy children, IL-6 is found in 
only small quantities [5], but it has been found to be 
elevated in the renal tissue of patients with kidney 
diseases, including diabetic nephropathy, glomeru-
lonephritis and obstructive nephropathy [6]. 

Analysis of such urinary tract infections includes 
urine culture & sensitivity, ultrasonography (US), 
micturating cystourethrogram (MCUG), cystosco-
py and dimercaptosuccinic acid (DMSA) renal scan 
for a complete evaluation. Renal scarring following 
an attack of UTI can be diagnosed by DMSA scan, 
which is the gold standard [7]. 

DMSA, as a non-invasive modality to test the 
renal parenchymal involvement, can be included to 
detect renal scars during follow-up of infants after 
the first attack of UTI [8]. 

Aim of the work: 
To evaluate the correlation between urinary IL-6 

and renal scan in detecting renal scarring in children 
with obstructive nephropathy. 

Patients and Methods 

Subjects: This case control study was carried 
out in Ain Shams University Pediatric Hospital, in 
the period between January 2023 and January 2024. 
Included thirty (30) pediatric subjects divided into 
two groups: 
- Group (1): Cases with obstructive nephropathy: 15 

children less than 14 years of age diagnosed with 
obstructive nephropathy and admitted in Pediatric 
Nephrology Unit Ward, Ain Shams University. 

- Group (2): Control group: 15 healthy children and 
adolescents, attending pediatric ER or clinic with 
negative past and family history of renal disease 
(matching with patient group in age and sex). 

Inclusion criteria: Infants, children and adoles-
cents less than 14 years of age, with culture positive 
febrile urinary tract infection with proven obstruc-
tive nephropathies following-up in our Pediatric 
Nephrology Clinic, Ain Shams University. 

Exclusion criteria: Concomitant febrile disease 
other than UTI affecting IL-6 levels and anomalies 
that hinder urine analysis as bladder extrophy, dia-
betic nephropathy and glomerulonephritis. 

Prior to initiation, the study was approved by 
the ethical committee of the Faculty of Medicine, 
Ain Shams University (FMASU MD) assurance no 
FWA 000017585 and all participants first degree 
relatives provided informed verbal consent. 

Laboratory work was conducted in the Clinical 
Pathology Department, Ain Shams University Hos-
pital. 

All patients were subjected to the following: 
Full history taking including: Personal history: Full 
name, age and sex. History of present illness: Age 
at onset of symptoms, course and duration, age at 
diagnosis, presenting symptoms during this hospital 
admission with stress on manifestations of pyelone-
phritis: Fever, lethargy, loin pain, dysuria, urgency, 
frequency and hematuria and duration of hospital 
admission and antibiotics taken during this admis-
sion at which IL-6 was collected. Past History: pre-
vious operations as vesicostomy, pyeloplasty and 
ureteric implantation, previous hospital admissions 
with stress on toxic symptoms of pyelonephritis and 
history of elevated kidney functions and previous 
NICU or PICU admissions. Family History: Con-
sanguinity, similar medical condition of renal affec-
tion and chronic diseases. Antenatal and Postnatal 
History: oligohydraminos or any renal anomalies 
diagnosed by antenatal ultrasound. 

Physical examination: Anthropometric meas-
urements: Weight in kg, height in cm and plotting 
them on the age and sex standard percentiles ac-
cording to CDC child growth charts. (Centers for 
Disease Control and Prevention, National Center 
for Health Statistics, 2022) and body mass index 
(BMI): Was calculated as weight in (kg) / height in 
(m

2
), the obtained number was plotted on appropri-

ate CDC gender-specific BMI-for-age growth chart 
to determine BMI percentile. Complexion: Pallor, 
Jaundice. Lymph nodes examination. Abdominal 
examination for vesicostomy, mitrofanoff and renal 
angle tenderness. 

Methods: A-Laboratory investigations: Were 
done for the patients during their hospital admis-
sion. 1. Complete blood count (CBC) including 
total leucocytic count (10^3/UL) with manual dif-
ferential, hemoglobin (g/dl), Platelets (10^3/UL). 
2. Kidney Function tests including BUN (mg/dl), 
serum creatinine (mg/dl). 

Glomerular filtration rate (GFR) was calculated 
using Schwartz equation: CrCl (ml/min/1.73m

2
)= 

(Height (cm) x k)/ Serum Creatinine. 
*k = 0.55 for children 1 to 13 years old 

CKD grading was done according to GFR using 
National Kidney Foundation guidelines. 

Table (1): Stages of chronic kidney disease and clinical action 
PLANS33. 

Stage Description GFR 

G1 Kidney damage with normal or 1 GFR  ≥90 
G2 Kidney damage with mild: GFR 60-89 
G3 Moderate: GFR 30-59 
G4 Sever: GFR 15-29 
G5 Kidney failure <15 
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3. Serum albumin level (g/dl). 4. C- reactive pro-
tein (mg/l). 5.Erythrocyte sedimentation rate (mm/ 
hr). 6. Urine analysis: mid-stream urine sample or 
urine collected by urinary catheter including specif-
ic gravity, pus cells, red blood cells and nitrites.7. 
Urine culture and sensitivity with colony count. 

Urinary IL-6 (ng/l): First urine sample was col-
lected from patients on admission in sterile urine 
cups, either mid-stream urine sample or collected 
by urinary catheter in already catheterized patients. 
Second urine sample was collected from patients 
one month after their discharge from hospital and 
resolution of the attack of pyelonephritis. 

Samples were stored at –80 degree Celsius and 
then IL-6 (ng/l) was measured by enzyme linked 
immunoassay (ELISA) kits. 

Pelviabdominal ultrasound: Was performed for 
all patients early on admission in Pediatric Radiolo-
gy Unit, Ain Shams University. 

DMSA Scan: Was performed for all patients one 
month after resolution of the attack of pyelonephri-
tis as after their discharge from hospital. Renal scars 
were identified and graded as per the standard clas-
sification. 

These grades are classified as follow: Grade 
(0): No cortical scars. Grade (1): No more than two 
scars. Grade (2): More than two scars with some 
normal parenchyma between them. Grade (3): Gen-
eralized damage to the whole kidney. Grade (4): 
End stage (kidney with little or no uptake of DMSA, 
I.E., <10% of the overall function) [7]. 

Data management and analysis: The collected 
data was revised, coded, tabulated and introduced 
to a PC using Statistical package for Social Science 
(SPSS 27). Data was presented and suitable analysis 
was done according to the type of data obtained for 
each parameter. 

Descriptive statistics: (1) Mean, Standard de-
viation (± SD) and range for parametric numerical 
data, while Median and Interquartile range (IQR) 
for non-parametric numerical data. (2) Frequency 
and percentage of non-numerical data. 

Analytical statistics: (1) Mann Whitney Test (U 
test) was used to assess the statistical significance 
of the difference of a non-parametric variable be-
tween two study groups. (2) Fisher’s exact test was 
used to examine the relationship between two qual-
itative variables. (3) Correlation analysis (using 
Spearman’s rho method) to assess the strength of 
association between two quantitative variables. The 
correlation coefficient denoted symbolically “r” de-
fines the strength (magnitude) and direction (posi-
tive or negative) of the linear relationship between 
two variables: r=0-0.19 is regarded as very weak 
correlation. r=0.2-0.39 as weak correlation. r=0.40-
0.59 as moderate correlation. r=0.6-0.79 as strong 
correlation. r=0.8-1 as very strong correlation. 

Wilcoxon signed rank test was used to assess 
the statistical significance of the difference of an or-
dinal variable (score) measured twice for the same 
study group. 

The Kruskal-Wallis test was used to assess the 
statistical significance of the difference between 
more than two study group ordinal variables. 

p-value: Level of significance: p>0.05: Non sig-
nificant (NS). p<0.05: Significant (S). 

Results 

This study was conducted on 30 subjects di-
vided equally into two groups controls and cases 
of obstructive nephropathy, Table (2) shows de-
mographic data, the mean age of the study group 
was 6.17±3.51 year old, while most subjects were 
males by 73.3% without any significant difference 
between two groups in age nor sex. 

Table (2): Socio demographic data between two study groups. 

Group Test of significance 

Controls 
(N=15) 

Cases 
Value p-value Sig. 

(N=15) 

ge (Years): 
Mean ± SD 6.2±3.51 6.17±3.51 z = –0.042 0.967 NS 
Median (IQR) 6 (3 - 8) 6 (3 - 8) 

Sex N (%): 
Male 11 (73.33%) 11 (73.33%) FE 1.00 NS 
Female 4 (26.67%) 4 (26.67%) 

*Mann-Whitney test of significance (z). 
*Fisher’s Exact test of significance. 
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Table (3) illustrates description for sociodemo-
graphic data within cases group only, most of pa-
tients hadn’t history of consanguinity by 80%, re-
garding anthropometric measures 46.7% of patients 
were underweight and normal height and were un-
derweight by BMI. 73.3% of theses patient didn’t 
need NICU admission. 

Table (4), demonstrates illness data within cases 
group only, regarding diagnosis about third of pa-
tients had (PUV + Bilateral hydronephrosis + Bilat-
eral VUR), other third had (Primary Bilateral VUR) 
and the last third other diagnoses. More than half 
of patients had acute onset and progressive course. 

Third of patients diagnosed with obstructive ne-
phropathy at their first year of life and 40% after 
first year. 

Table (5) shows presenting symptoms for cases 
group, the most presenting symptom was fever by 
80%, followed by vomiting by 46.7% then loin pain 
by 40%, while the least frequent one was convul-
sion by 13.3% of patients. 

Table (6) illustrates grades of CKD according 
eGFR (ml/min/1.73 m

2
), the mean GFR was 86.6 ± 

59.58 and ranged from 28.5 -222. Most of patients 
had grade 3 by 46.7%, 40% had grade 1, while the 
least grade was grade 2 by 13.3%. 

Table (7) present risk factors within cases group 
onlyfor developing renal scars, previous operations 
was the most frequent risk factor by 80%, recurrent 
attacks were 73.3% and elevated KFT were found 
in 60% of cases. 

Table (3): Sociodemographic data within the cases group only. 

N % 

Consanguinity: 
No 12 80.0 
Yes 3 20.0 

Weight: 
Underweight 7 46.7 
Normal weight 8 53.3 

Height: 
Stunted 8 53.3 
Normal height 7 46.7 

BMI: 
Underweight 7 46.7 
Normal BMI 6 40.0 
Overweight 2 13.3 

NICU admission: 
No 11 73.3 
Yes 4 26.7 

Table (4): Illness data within the cases group only. 

N % 

Diagnosis: 
PUV + Bilateral hydronephrosis + 5 33.3 
Bilateral VUR 

PUV + Unilateral hydronephrosis + 1 6.7 
Unilateral VUR 

Primary Bilateral VUR 5 33.3 
Neurogenic bladder 3 20.0 
Unilateral Ureteric stones 1 6.7 

Onset of symptoms: 
Acute 8 53.3 
Gradual 7 46.7 

Course: 
Progressive 9 60.0 
Intermittent 6 40.0 

Duration: 
Since birth 4 26.7 
First year of life 5 33.3 
After 

1st 
 year 6 40.0 

Table (5): Symptoms within the cases group only. 

N % 

Fever 12 80.0 
Vomiting 7 46.7 
Loin pain 6 40.0 
Lethargy 5 33.3 
Hematuria 5 33.3 
Convulsion 2 13.3 

Table (6): CKD grading (according eGFR) & GFR within the 
cases group only. 

Mean ± SD 
N (%) 

Median (IQR) Range 

GFR 86.6±59.58  63 (35 - 114) (28.5 - 222) 
(ml/min/1.73 m

2
) 

CKD: 
1 6 (40.0%) 
2 2 (13.3%) 
3 7 (46.7%) 

Table (7): Risk factors for developing renal scarswithin the cas-
es group only. 

N % 

Operations 12 80.0 
Recurrent attacks 11 73.3 
Elevated KFT 9 60.0 
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Table (8) demonstrates lab investigations within 
cases group only, the TLC (10

3
/ul) mean group was 

10.18±3.89, the Neut (10
3
/ul) mean was 9.74±15.95, 

and the Lym (10
3
/ul) mean was 6.76±13.52. The 

table also shows that the most prevalent organism 
detected in the cases group is Klebsiella, accounting 
for 46.67%, while Candida nonalbicans was found 
only in one case, comprising 6.67%. 

Table (8): Lab investigations within the cases group only. 

Mean ± SDN 
(%) 

Median (IQR) Range 

TLC (10
3
/ul) 10.18±3.89 11 (6.2-12.8) (5.18-18.9) 

Neut (10
3
/ul) 9.74±15.95 4.8 (3.5-9.8) (1.05-66) 

Lym (10
3
/ul) 6.76±13.52 2.7 (1.9-3.8) (1.3-55) 

Hb (g/dl) 10.67±1.75 11 (9.3-11.6) (7.8-13.3) 
PLT (10

3
/ul) 360.93±157.85 392 (247-450) (48-662) 

Creat (mg/dl) 0.89±0.53 0.7 (0.5-1.3) (0.26-1.9) 
BUN (mg/dl) 20.67±9.89 22 (12-28) (4-41) 
Albumin (g/dl) 3.80±0.38 4 (3.6-4) (3-4.3) 
CRP (mg/l) 61.89±52.47 41 (20-91) (3.2-168) 
ESR (mm/hr) 36.07±27.49 30 (10-50) (5-90) 

Pus cells: 
Abnormal 15 (100%) 

RBCs: 
Normal 7 (46.67%) 
Abnormal 8 (53.33%) 

SP gravity: 
Normal 15 (100%) 

Nitrites: 
Absent 13 (86.67%) 
1 
2 

1 
1 

(6.67%) 
(6.67%) 

Organism: 
Klebsiella 7 (46.67%) 
E. coli 3 (20%) 
Pseudomonas 2 (13.33%) 
Staphaureus 2 (13.33%) 
Candida 
nonalbicans 

1 (6.67%) 

BUN : Blood urea nitrogen. 
CRP : c- reactive protein. 
ESR : Erythrocyte 

sedimentation rate. 
RBCs: Red blood cells. 
SP : Specific gravity. 

Table (9) shows U/S findings within cases group 
only, most patients had finding bilaterally by 73.3%, 
and the most prevalent finding was Hydroureterune-
phrosis found in 46.7%, followed by Hydronephro-
sis in 33.3%, while Pyonephrosis found in only 20% 
of cases. 

Table (10) presents prevalence of positive cases 
for reflux by MCUG and it was positive in 46.7% of 
cases who underwent a MCUG. 

Table (9): U/S findings within the cases group only. 

829 

N % 

U/S: 
Bilateral 11 73.3 
Left 4 26.7 

U/S findings: 
Hydroureterunephrosis 7 46.7 
Hydronephrosis 5 33.3 
Pyonephrosis 3 20.0 

Table (10): MCUG within the cases group only. 

N % 

MCUG: 
Positive 7 46.7 
Not assessed 8 53.3 

Table (11): IL-6 results in urin (ng/L). 

IL-6 result 
Controls Cases 

t-test 

t p-value Sig. in urine 

On acute attack 18.51± 267.92± -9.98 <0.001 S 
8.88 96.43 

1 month after 18.51± 226.03± -8.73 <0.001 S 
resolved 8.88 91.63 

This table shows the results of a t test comparing 
the levels of IL-6 in the urine samples of controls 
and cases. The cases are patients who had an acute 
attack. The table shows that the cases had signifi-
cantly higher levels of IL-6 than the controls, both 
during the acute attack and one month after the at-
tack was resolved. 

Table (12): Renal scan assessment within the cases group only. 

N % 

RT renal scan: 

Grade 0 8 53.3 

Grade I 5 33.3 

Grade II 1 6.7 

Grade III 1 6.7 

Lt renal scan: 

Grade 0 7 46.7 

Grade I 3 20.0 

Grade II 2 13.3 

Grade III 3 20.0 

TLC : Total leucocytic count. 
Neut : Neutrophils. 
Lym : Lymphocytes. 
Hb : Hemoglobin. 
Plt : Platelets. 
Creat: Serum creatinine. 
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Table (12) reports the results of renal scan as-
sessments on both sides within the cases group only, 
for the RT renal scan, the most common grade was 
Grade 0, which was observed in 8 cases (53.3%), 
followed by Grade I with 5 cases (33.3%). Only one 
case (6.7%) exhibited Grade II and III on the RT re-
nal scan. On the Lt renal scan, Grade 0 was also the 
most common, occurring in 7 cases (46.7%). Grade 
I is the second most common, with 3 cases (20%) 
followed by Grade III and Grade II, each present 
in 3 cases - 20% for both. The result of this table 
indicates that the majority of cases in this study had 
normal or mildly abnormal RT and Lt renal scan re-
sults. 

Table (13) reports correlation between GFR 
(ml/min/1.73m

2
) and IL-6 results in urine (ng/L) 

on acute attack and one month after resolved, there 
were no statistically significant correlation between 
them. 

Table (14) shows correlation between renal scan 
and IL-6 results in urine (ng/L) on acute attack and 
one month after resolved, there were no statistically 
significant correlation between them. 

Table (15) shows correlation between GFR (ml/ 
min/1.73m

2
) and renal scan, there was moderate 

negative statistically significant correlation between 
with right renal scan, while there was no statistical-
ly significant correlation with left renal scan. 

Table (16) illustrates the relation between IL-6 
results in urine (ng/L) on acute attack and one 
month after resolved and different grades of CKD, 
there were no statistically significant difference in 
both acute attack nor after one month later. 

Table (17) reports the relation between both 
sides of renal scan and different grades of CKD, 
there was statistically significant difference with 
right renal scan as grade 3 CKD had more cases  

with renal scan grade 1 and less cases with grade 0 
renal scan, while there was no statistically signifi-
cant difference with left renal scan. 

Table (13): Correlation between IL-6 results in urine (ng/L) and 
GFR (ml/min/1.73m

2
). 

IL-6 result in urine 
(on acute attack) 

IL-6 result in urine 
(1 month after resolved) 

GFR (ml/min): 
Spearman’s 
rho 

p-value 

0.054 

0.850 

0.300 

0.277 
Sig. NS NS 

Table (14): Correlation between IL-6 results in urine (ng/L) and 
renal scan. 

RT renal scan Lt renal scan 

IL-6 result in urine 
(on acute attack): 

Spearman’s rho -0.265 0.000 
p-value 0.339 1.000 
Sig. NS NS 

IL-6 result in urine 
(1 month after resolved): 

Spearman’s rho -0.479 0.133 
p-value 0.071 0.637 
Sig. NS NS 

Table (15): Correlation between GFR (ml/min/1.73m
2
) and re-

nal scan. 

RT renal scan Lt renal scan 

GFR (ml/min/1.73m
2
): 

Spearman’s rho -0.516 –0.351 
p-value 0.049 0.199 
Sig. S NS 

Table (16): Relation between IL-6 (ng/L) on acute attack and 1 month after resolved & different grades of CKD within cases group. 

IL-6 result in urine 

CKD Grade Kruskal Wallis test 

(ng/L) 1 (N= 6) 2 (N= 2) 3 (N=7) 
H p-value Sig. 

Median (IQR) Median (IQR) Median (IQR) 

On acute attack 274.1 (219 - 312.7) 231.95 (203.8 - 260.1) 198 (156.6 - 387.8) 1.408 0.495 S 

1 Month after resolved 250.2 (226.7 - 261) 245.95 (236 - 255.9) 185 (123 - 203.8) 4.854 0.088 NS 
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Table (17): Relation between renal scan & different grades of CKD within cases group. 

CKD Fisher’s exact test 

1 (N= 6) 
N (%) 

2 (N= 2) 
N (%) 

3 (N= 7) 
N (%) 

p-value Sig. 

RT renal scan: 
Grade 0 5 (83.33%)a 2 (100%)a 1 (14.29%)b 0.012 S 
Grade I 0 (0%)a 0 (0%)a,b 5 (71.43%)b 

Grade II 0 (0%)a 0 (0%)a 1 (14.29%)a 

Grade III 1 (16.67%)a 0 (0%)a 0 (0%)a 

Lt renal scan: 
Grade 0 1 (16.67%) 2 (100%) 4 (57.14%) 0.313 NS 

Grade I 1 (16.67%) 0 (0%) 2 (28.57%) 

Grade II 1 (16.67%) 0 (0%) 1 (14.29%) 

Grade III 3 (50%) 0 (0%) 0 (0%) 

* Each subscript letter denotes a subset of Group categories whose column proportions do not differ significantly 
from each other at the 0.05 level. 

Discussion 

Interleukin-6 is a pro-inflammatory cytokine 
that plays a crucial role in immune responses and 
inflammation. It is produced by various cell types, 
including, immune cells, endothelial cells and renal 
tubular cells [9]. 

The role of interleukin-6 in renal scarring has 
been the subject of numerous clinical studies in 
children with obstructive nephropathy [10]. 

Measurement of IL-6 in urine can serve as a 
non-invasive method to assess the degree of renal 
inflammation and scarring [11]. 

DMSA renal scan is frequently employed to 
evaluate the extent and severity of renal scarring and 
helps in identifying areas of focal or diffuse scaring 
(Hung et al., 2016). Despite its clinical utility, it has 
certain limitations and potential pitfalls that need to 
be considered [12] . On top of this limitations is the 
potential risks associated with radiation exposure, 
especially in pediatric patients [13]. 

So in the current study, we sought to correlate 
between urinary IL-6 and DMSA renal scan in de-
tecting renal scaring in children with obstructive 
nephropathy. 

Our study was a case control study carried out in 
Ain Shams University, Pediatric Hospital, Nephrol-
ogy Department. 

We have recruited two groups; Group 1: 15 in-
fants, children or adolescents less than 14 years of 
age with culture positive febrile UTI with proven 
obstructive nephropathy, admitted in in Pediatric 
Nephrology Unit Ward. Group 2: 15 healthy chil-
dren matching with patient group in age and sex. 

Regarding the demographic data, the median 
age of the study group was 6 years old, and 73% of 
the subjects were males, without any significant sta- 

tistical difference between the two groups in either 
age or sex. As for anthropometric measures of the 
cases group, 46.7% were underweight, and 53.3% 
were stunted. 

About diagnoses of our case group, one third of 
the patients had posterior urethral valve with bilat-
eral hydronephrosis and bilateral VUR, one third 
had primary bilateral VUR, one third had other di-
agnoses as neurogenic bladder and renal stones. 

This was in contrast to another descriptive ob-
servational study done in pediatrics by Mohammed 
and Elbehidy [14] which showed that neurogenic 
bladder dysfunction is the most common cause of 
obstructive nephropathy, followed by posterior ure-
thral valves. 

In our study, the most common presenting symp-
tom in cases group was fever (80%), followed by 
vomiting, loin pain which agreed with meta-analy-
sis by Leung et al. [15] which concluded that unex-
plained fever is the most common symptom of UTI 
during the first two years of life. After the second 
year of life, symptoms and signs of pyelonephritis 
include fever, chills, rigor, flank pain, and costover-
tebral angle tenderness. 

Our study demonstrated that mean total leuco-
cyte count was 10.8 and that CRP was elevated in 
cases during the attack who also had high levels of 
urine IL-6 as will be mentioned later. This agreed 
with Sheu et al. [16] who said that serum and urine 
IL-6 in children with acute pyelonephritis were pos-
itively correlated with fever, CRP and leucocyturia. 

This could be explained that during infection or 
tissue damage, IL-6 is produced as part of the early 
immune response. It acts to activate immune cells, 
such as T cells and macrophages and production of 
acute phase proteins in liver including C-reactive 
protein [17]. 
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The most common organism detected by urine 
culture and sensitivity that was done to our study 
group during the attack of pyelonephritis was Kleb-
siella accounting for 46.6%. 

On the contrary, Cross-sectional retrospective 
study on 104 Iranian children with pyelonephritis 
(37% of the patients had obstructive causes by ul-
trasound) showed that E. coli was the most frequent 
pathogen in urine samples so that this bacterium 
was present in samples of 96 patients (92.31%) [18]. 

An Explanation to this is, in Egypt antibiotic re-
sistance is increasing due to misuse of antibiotics 
and this was confirmed by Tarek et al. [19] cross sec-
tional study done in Egypt using 15,252 urine sam-
ples; Klebsiella species were the most MDR and 
extended-spectrum β-lactamase (ESBL)-producing 
organisms. 

In our study, urine IL-6 was measured for the 
cases group during the attack of pyelonephritis and 
1 month after resolution of the attack. It was also 
measured for the control group. 

Comparing the two studied groups: it showed 
that the cases had significantly higher levels of uri-
nary IL-6 than the controls, both during the acute 
attack of pyelonephritis (p<0.001) and one month 
after the attack resolved (p<0.001) 

These results were in agreement with Yu et al. 
[20] cohort study that enrolled 17 patients with Ure-
tero Pelvic Junction Obstruction (UPJO) and 17 
healthy matched subjects, showed significantly ele-
vated IL-6 in the urine from individuals with UPJO 
compared with controls (p= 0.00073). 

Also a systemic review and meta-analysis done 
by Hosseini et al. [21] showed that the diagnostic 
utility of ILs 6 and 8 urinary levels is most desirable 
in the detection of febrile UTIs from other febrile 
conditions in children and adolescents, in compari-
son with the diagnostic utility of other ILs’ urinary 
and serum levels in the detection of febrile UTI. 

In contrast to the study of Haraoka et al. [22] 
which measured urine IL-6 levels in 32 patients 
with VUR, and levels were below the lower detec-
tion limit in all samples. 

Explanation: IL-6 is a pro-inflammatory cy-
tokine involved in the immune response during 
UTIs and in the inflammatory processes that occur 
in the renal parenchyma, with possible involvement 
in the pathophysiology of reflux nephropathy. Most 
of the studies reported the presence of increased 
concentrations of urinary IL-6 in patients with VUR 
or renal scarring [23-25]. 

In the kidneys, IL-6 is secreted by tubular, me-
sangial, and endothelial cells, and is involved in lo- 

cal inflammatory processes. Immunohistochemical 
assessments performed in patients with RN have 
shown that areas of increased IL-6 synthesis are lo-
cated near areas of fibrosis. These aspects support 
the possible involvement of IL-6 in the pathophysi-
ology of VUR and RN [26-27]. 

Another pathophysiological aspect that sup-
ports the increased expression of urinary cytokines 
in patients with VUR and RN is linked to Toll-like 
receptors (TLRs). TLRs are involved in the innate 
immune response during UTIs, resulting in proin-
flammatory cytokine secretion, such as IL-6. TLR4 
is upregulated in the kidneys after parenchymal in-
jury [28]. 

Obstruction of the urinary tract may decrease re-
nal blood flow and the glomerular filtration rate [29]. 

In our study, eGFR of the cases was calculated 
using Schwartz pediatric bedside formula (0.55 x 
height in cm/serum creatinine) and then CKD grad-
ed according to Stages of Chronic Kidney disease 
by National Kidney Foundation. The mean eGFR 
for the cases was 86.6 ml/min/1.73m

2 
 and most of 

the patients had Grade 3 CKD by 46.7%, 40% had 
Grade 1 CKD, and 13.3% had Grade 2 CKD accord-
ing to National kidney foundation CKD grading. 

In another study, sixty-three previously treated 
patients with posterior urethral valve were evaluat-
ed for renal function. They found that twenty of the 
study patients (32%) had decreased GFR Heikkilä 
et al. [30]. 

In contrast to our study, the retrospective 
cross-sectional study done by Rodríguez et al. [31], 
including 383 patients with congenital obstructive 
nephropathies, showed that 95 (24.8%) patients had 
chronic renal disease, with 86% classified as grade 
2, after analyzing their GFR. 

Our study tried to correlate urinary IL-6 levels 
and different grades of CKD guided by patients’ 
eGFR, but there was no significant statistical corre-
lation between them. 

There were no enough studies done in pediatrics 
patients trying to correlate this relation. 

Some studies conducted in adults suggested a 
statistical correlation between IL-6 levels and the 
evolution of chronic kidney disease. For instance, 
the study done by Shankar et al. [32], which involved 
a population-based cohort of 4926 participants, 
showed that circulating levels of IL-6 and TNF-α 
receptor 2 were associated with incident CKD. 

Furthermore, another study done by Amdur et 
al. [33] demonstrated that elevated plasma levels of 
fibrinogen, IL-6, and TNF-α, along with decreased 
serum albumin, were significantly associated with 
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a composite outcome of End Stage Renal Disease 
(ESRD) or a reduction of 50% in the eGFR from 
baseline. 

In our study, the entire cases group had done a 
renal ultrasound showing that: 73.3% had bilateral 
findings, and the most prevalent finding was hyd-
roureteronephrosis which was found in 46.7%, fol-
lowed by hydronephrosis in 33.3%, while pyone-
phrosis found in only 20% of the cases. 

Ultrasound is considered the gold standard in 
the diagnosis of obstructive uropathy: it allows dis-
tinguishing three degrees of urinary tract dilation, 
depending on the extent of the dilation itself and the 
thickness of the parenchyma [34]. 

DMSA scans have been recommended for the 
evaluation of dilated upper urinary tract and renal 
scarring following refluxing and non-refluxing pye-
lonephritis in children [35]. 

In a prospective study to evaluate renal scars 
done by Shanon et al. [36] DMSA scan served as 
the gold standard in detection in renal scars, it was 
sensitive by (94%) and specific by (100%) in identi-
fying renal scars in children. 

In our study, majority of the cases had normal or 
mildly abnormal Right and Left renal scan results. 
That was graded as the Standard Classification [7]. 
- Grade 0: No cortical scar 
- Grade 1: No more than two scars. 
- Grade 2: More than two scars with some normal 

parenchyma between them. 
- Grade 3: Generalised damage to the whole kidney. 
- Grade 4: End stage (kidney with little or no uptake 

of DMSA). 

Right renal scan, most common grade was grade 
0 (53.3%), followed by grade 1 (33.3%), (6.7%) for 
grades 2 and 3. 

Left renal scan, most common was grade 0 
(46.7%), followed by grade 1 and grade 3 (20%), 
while grade 2 (13.3%). 

Our study tried to correlate between IL-6 level 
and DMSA scan in detection of renal scars but there 
was no statistical significant between them. How-
ever this was maybe due to the following reasons: 
1- Small sample size as patients weren’t compliant 

to do the DMSA scan due to its radiation hazards 
and fear of anesthesia complications. 

2- Timing of DMSA scan is best to be done after 
acute infection has been treated and resolved, 
usually 4-6 weeks later to accurately evaluate 
the presence and extent of renal scarring [37]. 

With our study, this study Gupta et al. [38] in-
vestigated for differences in markers of trans IL-6 
signaling between patients with a history of febrile  

UTI with and without renal scarring. There was no 
significant difference between the absolute values 
or ratio of IL-6 between those with and without 
scarring. 

In contrast to our study, a study on 79 children 
by Sheu et al. [39] showed that both serum and urine 
IL-6 levels during the acute phase of pyelonephritis 
were significantly higher in children with renal scar-
ring (assessed by DMSA Scan) than in those with-
out (p=0.005 and p=0.002). 

We also tried to correlate DMSA scan and dif-
ferent grades of CKD within cases group, there was 
statistical significant difference with right renal 
scan as Grade 3 CKD had more cases with renal 
scan Grade 1 and less cases with Grade 0 renal scan, 
while there was no statistical significance difference 
with left renal scan. 

The explanation to this: 
A number of studies have shown that the rela-

tive uptake of DMSA correlates well with the rela-
tive estimated renal plasma flow (ERPF) and GFR 
in patients with both normal and asymmetrically 
functioning kidneys, another few investigators have 
reported DMSA scanning may be misleading in pa-
tients with obstruction due to retention of DMSA in 
the renal pelvis. This conclusion is based on a dis-
crepancy in the relative renal function determined 
using DMSA and 131 I-hippurate or DTPA [40]. 

Also DMSA scan while assessing the renal cor-
tex, lacks detailed information about renal vascu-
lature, collecting system and overall renal function 
[41]. 

DMSA scan requires proper patient preparation 
and cooperation to obtain accurate results. Patient 
movement, inadequate bladder filling or techni-
cal issues with the imaging equipment can lead 
to inconclusive or suboptimal images (Loewen & 
Greenbaum, 2022) [42]. 

Since a number of variables can affect the total 
renal accumulation of DMSA, DMSA should not be 
quantitated as an absolute index of renal function 
unless it is done by experienced investigators under 
carefully controlled conditions [40]. 

Conclusion: 
We found significantly elevated urinary IL-6 lev-

els in cases compared to controls during acute py-
elonephritis and even after resolution but we didn’t 
observe a significant correlation between IL-6 levels 
and DMSA renal scan findings. Additionally, there 
was no significant correlation between IL-6 levels 
and different grades of CKD. Our findings suggest 
that while urinary IL-6 may serve as a marker of re-
nal inflammation, it may not directly correlate with 
the extent of renal scarring or the severity of CKD 
in pediatric patients with obstructive nephropathy. 
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