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ABSTRACT

PURPOSE. SOURCES OF INFORMATION. Urinary tract infection (UTI) is the second most common 
infection in children, the most important complication of which is renal scarring. The aim of present study was 
to evaluate the prevalence of renal scarring after UTI in children through systematic review and meta-analysis.
METHODS. The international databases of Science Direct, PubMed, Scopus, and Web of Science and the 
Google Scholar search engine were searched using standard keywords. The sources found were from 2010 to 
2020 and the search stage was updated until 2021.02.16. Data were analyzed using STATA-14 software and the 
significance level was considered at P<0.05.
RESULTS. In 29 studies with a sample size of 9,986 children, the prevalence of renal scarring in children was 
estimated at 35% (95% CI: 29-41). Also, the prevalence of renal scarring was in girls 61% (95% CI: 40-81) and 
in boys 34% (95% CI: 11-57). The prevalence of unilateral renal scarring in children was 56% (95% CI: 48-65) 
and bilateral renal scarring was 31% (95% CI: 14-48). In addition, the prevalence of scar was 54% in children 
with reflux and 12% in children without vesicoureteral reflux.
CONCLUSIONS. More than one third of people under the age of 18 after UTI have renal scarring. The 
prevalence of this complication in girls is about 2 times higher than that in boys and in people with reflux, it is 
about 4 times higher than people who do not have urinary reflux. Also, about half of people under the age of 18 
suffer from unilateral renal scarring and about one third of them suffer from bilateral renal scarring.
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INTRODUCTION

Based on international organizations’ data, $17-29 
billion is spent annually on the treatment and recovery 
of nosocomial infections, of which 39% is related to 
the cost of urinary tract infections (UTI) (1). Urinary 
tract infection is one of the most common infections 
among children (2). UTI in children is associated 
with complications, the most important of which is 

permanent renal scarring. Renal scarring refers to 
a range of abnormal radiographic findings in the kidney 
that are associated with focal or extensive areas of 
irreversible parenchymal damage to the kidneys. Scar 
occurs because of an inflammatory reaction caused by 
infection between the host and bacterial markers (3, 4). 
Permanent renal scarring after urinary tract infection 
has been observed in 15% to 60% of affected children 
(5, 6). 
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Diagnostic methods used to assess the urinary 
tract include renal ultrasound (RUS), voiding 
cystourethrogram (VCUG) and nuclear cystogram 
(NCG) (7), and mTc-Dimercaptosuccinic acid 
(DMSA) scintigraphy is the current gold standard for 
diagnosing renal scarring. This method has a higher 
sensitivity (sensitivity between 80 and 100%) for scar 
detection when compared to other imaging techniques 
such as intravenous urography, ultrasound, computed 
tomography, and magnetic resonance imaging (8).

Several studies with very diverse statistics have 
been published in the world on the prevalence of renal 
scarring in children and general and accurate statistics 
are not available in this regard, so this study aims to 
investigate the prevalence of renal scarring in children 
(under 18 years) using meta-analysis method. The 
present study is a systematic and meta-analysis review 
study that examines the prevalence of renal scarring in 
children aged below 18 years. 

METHODS

Protocol study. In this study, the PRISMA  
protocol (9), which used is for systematic review and 
meta-analysis studies, was used. 

Study population. Participants in the study were 
children under the age of 18 without gender or race 
restrictions. 

Study implications:
Primary outcome. The main outcome of this 

meta-analysis was to estimate the prevalence of renal 
scarring in children (under 18 years of age) in the 
world. 

Secondary outcomes of this meta-analysis include 
the prevalence of renal scarring in children (under 
18 years of age) separately for studied countries, 
gender, type of renal scarring (unilateral OR bilateral), 
presence or absence of urinary reflux. 

Search strategy. In this meta-analysis, Science 
Direct, PubMed, Scopus, and Web of Science 
electronic databases and the Google Scholar search 
engine, the keywords of “renal scarring”, “kidney 
scarring”, “urinary tract infection”, “urinary reflux”, 
and “children” and the MeSH equivalent were 
searched. Their combinations were also searched 
using the “AND” and “OR” conjunctions in the above-
mentioned databases. In the search stage, a time 
limit was applied but no language limit. The found 
sources were from 2010 to 2020 and the search was 
updated until 2021.02.16. In addition, a reference list 
of all initial studies entered at the end of the PRISMA 
flowchart was reviewed for manual search.

Inclusion and exclusion criteria. The meta-
analysis included studies that examined the prevalence 
of renal scarring in children under 18 years of age. 

For this purpose, studies with non-random sample 
selection, case report studies, non-reporting of 
information required for data analysis such as number 
of samples or prevalence of renal scarring, low quality 
studies based on The Newcastle-Ottawa Scale (NOS) 
checklist (10), and studies reported renal scarring in 
individuals over 18 years of age were excluded from 
systematic review and meta-analysis process. 

Qualitative assessment of studies. After 
identifying the initial studies, two independent 
authors evaluated the studies qualitatively using 
the Newcastle Ottawa Scale checklist, and the cut-
off point of this checklist was considered at score 4.  
If there is disagreement among researchers about the 
qualitative evaluation of studies, the third researcher 
eliminated this disagreement. In this checklist, 3 sub-
sets including: group selection (4 questions), group 
comparability (1 question) and exposure or outcome 
(2 questions), are examined. This tool is a reliable tool 
with a long history of reliability (11). 

A star system is used to evaluate the quality of 
the study, so that for the highest quality studies, 
a maximum of one star is allocated for each case, 
except for the case related to comparison, where two 
stars can be allocated. Based on this checklist, articles 
are rated from zero (lowest quality) to ten (highest 
quality) and studies with a total score of less than 4 are 
recognized as low quality studies and are excluded. 
However, in this meta-analysis, we did not find a study 
with a score less than 4 (10). 

Extracting the data. The two researchers 
independently extracted data from studies to minimize 
bias in reporting and data collection. The researchers 
entered the extracted data into a designed checklist. 
This checklist included name of author, type of study, 
age group, sample size, year of publication, country of 
study, prevalence of renal scarring, diagnostic method, 
number of girls and boys, prevalence of renal scarring 
in girls and boys, and prevalence of unilateral and 
bilateral renal scarring. 

Statistical analysis. The studies were combined 
according to the number of samples and the variance 
of each study. To evaluate the heterogeneity of the 
studies, Q Cochrane test and I2 index were used. 
There are three classifications in the I2 index (less 
than 25%= low heterogeneity, between 25% and 75%= 
moderate heterogeneity, and more than 75%= severe 
heterogeneity). Since the fixed effects model is used 
for low heterogeneity and the random effects model is 
used for high heterogeneity, in the present study, the 
random effects model was used. 

Meta-regression was used to investigate the 
relationship between the prevalence of renal scarring 
in children with year of publication. Data analysis 
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was performed with STATA-14 software and the 
significance level of the tests was considered at P<0.05. 

RESULTS

Study selection process. First, with a search 
of the above databases, 300 articles were found. By 
reviewing the study title, 121 duplicate studies were 
excluded. The remaining 179 abstracts were reviewed 
and among them, 115 articles were excluded according 
to the exclusion criteria. Out of the remaining 64 
articles, another 35 articles were excluded due to 
incomplete information or lack of full text, and finally 
the remaining 29 articles entered the quality evaluation 
stage, all of which had good quality and entered the 
meta-analysis process (Figure 1).

Out the 29 articles reviewed, with a sample size 
of 9,986, 28 studies reported the prevalence of renal 
scarring in children by number of patients. Only one 
study reported the prevalence of renal scarring in 
children based on the number of kidneys. 

In the mentioned study, published by Koçyiğit A et al.  
in 2014 in Turkey, 32% of 77 kidneys with VUR (49 
patients studied) had renal scarring following a urinary 
tract infection (12). Also, the diagnostic method used 
in most of the studies was DMSA scan and the age 

limit of children was under 18 years. In the current 
meta-analysis, the lowest prevalence of renal scarring 
in the study conducted by Al-Kaabi A et al. (13) in 
Qatar was 0.03% and the highest prevalence of renal 
scarring in the study conducted by Yiee JH et al. (14) 
was 90% in the United States. The characteristics of 
the studies eligible for the systematic review and meta-
analysis stage are presented in Table 1.

With exclusion of the Al-Kaabi A et al. (13) and 
Yiee JH et al.(14) studies, which were considered outlier 
data, the overall prevalence of renal scarring in children  
(<18 years) was 35% (CI 95%: 29-41) (Figure 2). 

Prevalence of renal scarring in children (<18 years) 
among subgroup including girls and boys was 61% (CI 
95%: 40-81), and 34 % (CI 95%: 11-57) respectively. 
In the analysis based on the type of renal scarring, the 
prevalence of unilateral renal scarring in children was 
56% (95% CI: 48-65) and the prevalence of bilateral 
renal scarring was 31% (95% CI: 14-48). In an analysis 
conducted based on the countries, except for Iran, 
Ireland, the United States, the United Kingdom, 
Turkey, and Taiwan, only one study was available, so 
we did not list them in Table 2. 

Finally, we observed that the prevalence of renal 
scarring in children in the United States, UK, Iran, 
Egypt, South Korea, Thailand and Japan is higher 

Figure 1. PRISMA flow diagram study.

Prevalence of renal scarring caused by urinary tract infections in children: a systematic review and meta-analysis
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Figure 2. Forest plots of prevalence of renal scarring in children for random effects meta-analyses. (Squares represent 
effect estimates of individual studies with their 95% confidence intervals of prevalence of renal scarring with size of 
squares proportional to the weight assigned to the study in the meta-analysis. The diamond represents the overall result 
and 95% confidence interval of the random-effects meta-analysis

Table 2. Prevalence of renal scarring in children and 95% confidence interval in the studied subgroups

Subgroups Number of 
study

Prevalence 
(%)

95% confidence intervals

I2(%)

P-value 
(The

significance 
level of the 

tests)
Low Up

Prevalence of 
renal scarring 

by Sex

Total 27 35 29 41 97.4 <0.0001
Girls 8 61 40 81 98.3 <0.0001
Boys 7 34 11 57 96 <0.0001

Prevalence of 
renal scarring 
by type of scar

Unilateral 2 56 48 65 0 0.478

Bilateral 3 31 14 48 82.5 0.003

Prevalence of reflux 8 36 17 56 98.9 <0.0001
Prevalence of 
renal scarring 

with reflux 3 54 34 74 94.6 <0.0001
without reflux 3 12 6 19 74.1 0.021

Prevalence of 
renal scarring 
by Countries 

Turkey 4 30 10 49 96.3 <0.0001
USA 4 54 22 87 99.5 <0.0001

Ireland 2 22 20 24 0 0.620
Taiwan 2 28 25 31 0 0.725

Iran 2 43 21 66 91.1 0.001
UK 2 66 56 76 0 0.475
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than the global prevalence of renal scarring in 
children (37%). Also, the prevalence of renal scarring 
in children in Qatar, Turkey, Brazil, Portugal, North 
Korea, Ireland, Bosnia and Herzegovina, Taiwan, Sri 
Lanka and India is lower than the global prevalence of 
renal scarring in children (37%) (Table 2).

As you can see in Table 2, the heterogeneity 
between the studies is very high (i2=97.4%). Many 
factors contribute to this heterogeneity. Including:  
1) In some categories, children are divided into 3 
groups, less than 6 years old, between 6 and 12 years 
old, 12 to 18 years old. Naturally, the prevalence of 
kidney scars is higher at younger ages. 2) Time 
between urinary tract infection and performed DMSA 
examination, 3) Gender of children.

Figure 3 shows that the prevalence of renal scarring 
in children in the worldwide is increasing from 2010 
to 2020, although this relationship is not statistically 
significant (P=0.427).

DISCUSSION

According to the results of this meta-analysis, one 
in three children after UTI suffers from some degree 
of kidney scarring, and the prevalence of pediatric 
renal scarring in girls was about twice that of boys. It 
can be concluded that female gender was a risk factor 
for renal scarring. In the analysis based on the type of 

renal scarring, it was demonstrated, that the prevalence 
of unilateral renal scarring in children was 56% and 
bilateral renal scarring was 31%, the prevalence of 
unilateral renal scarring was significantly higher 
than the prevalence of bilateral scarring. Also, the 
prevalence of renal scarring in children with reflux 
(54%) was about 4 times higher than in children 
without reflux (12%).

In a study conducted by Benador et al. on children 
under 16 years of age, 55% of abnormal scans were 
observed in children under one year of age, 86% were 
observed in children between 1 and 5 years of age, 
and 69% were observed in children over 5 years of 
age. After 2 months of repeated DMSA scans, 40% of 
children aged below one year, 79% of children aged 
between 1 and 5 years, and 64% of children aged 
more than 5 years had renal scarring (41). This study 
showed that the prevalence of urinary tract infections 
at a younger age, and thus, the prevalence of renal 
scarring, is higher, which may be due to issues such 
as enuresis, diaper use, non-circumcision of boys, and 
changing children’s diapers late.

The results of meta-analysis of Najafi et al. in 
2019 showed that the prevalence of renal scarring in 
Iranian children is 31% (14% in girls and 23% in boys), 
the prevalence of renal scarring is 47% and 12% in 
children with urinary reflux and in children without 
urinary reflux respectively (42). In this study, as in the 
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Figure 3. Meta-regression of the relationship between the prevalence of renal scarring in children and the year of 
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current meta-analysis, one-third of the children after 
UTI had kidney scars. In fact, the results of our study 
confirm the results of the meta-analysis of Najafi et al.  
In the meta-analysis conducted by Sheikh et al., the 
prevalence of renal scarring was 15.5% and 4.1% 
of children had some degree of urinary reflux. The 
prevalence of renal scarring was 16.3% in girls and 
14.2% in boys. Also, the prevalence of renal scarring 
in children with reflux was higher than in children 
without reflux (43). The prevalence of kidney scars 
in Sheikh’s study is half the prevalence reported in 
the study of Najafi et al. Therefore, a general meta-
analysis study is needed to report the prevalence of 
renal scarring in children worldwide, regardless of age 
or geographical limitations. Of course, previous meta-
analyzes had similarities. For example, in these two 
meta-analyses, the prevalence of renal scarring was 
higher in girls compared to boys and it was higher in 
children with reflux than in children without reflux, 
which is consistent with the results of the present 
meta-analysis.

In a meta-analysis conducted in 2013, 22 studies 
met the requirements for entering the meta-analysis. 
The researchers looked at the relative prevalence and 
risk of urinary tract infections in different age groups. 
The relative risk was 9.91 for those aged 0 to 1, 6.56 
for those aged 1 to 16, and 3.41 for those over 16. They 
reported that 32.1% of uncircumcised boys compared 
with 8.8% of circumcised individuals experience 
a urinary tract infection during their lifetime. Thus, 
lack of circumcision increases the risk of urinary tract 
infection in boys (44). In a systematic review study 
conducted by Sheikh et al. in 2010, 1,533 articles 
were found in the search strategy phase and finally 
33 articles entered the meta-analysis process. Among 
children with early-stage urinary tract infections, 57% 
of the cases were associated with acute pyelonephritis 
and 15% of children had evidence of renal scarring on 
the follow-up DMSA scans. Children with bilateral 
reflux were significantly more likely to develop 
pyelonephritis RR=1.5 and kidney scars RR=2.6. 
So urinary reflux is also a risk factor for kidney 
scarring (6). In a 2003 meta-analysis study, 12 valid 
studies were found. It was analyzed how effectively 
the finding VUR on micturition cystography (MCU) 
in children hospitalized with UTIs predicted kidney 
parenchymal disease by 99mTc-DMSA. Seven studies 
included data from 537 children and results of 59% of 
99mTc-DMSA scans were positive. Seven studies with 
data on 1,062 kidneys were included and the results 
of 36% of 99mTc-DMSA scans were positive. A meta-
analysis showed that a positive MCU increased the risk 
of kidney injury in hospitalized UTI patients by about 
20% (45). 

Research limitations. Unavailability of the 
full text of some studies (despite contacting the 
corresponding with them) caused us to lose the results 
of those studies. The lack of uniform distribution of 
studies among different countries and continents made 
statistics of some countries be unavailable. Since the 
age of children in the studies was reported as age range 
and these ranges overlapped with each other, we could 
not present the prevalence of renal scarring in children 
separately based on age, as an important factor.

CONCLUSIONS

In the analyzed studies, more than a third of people 
under the age of 18 have renal scarring after UTI. The 
prevalence of this complication in girls is about 2 times 
higher than in boys and in children with vesicoureteral 
reflux is about 4 times higher than in children without 
vesicoureteral reflux. Also, about half of children 
under the age of 18 suffer from unilateral renal scarring 
and about one-third of them suffer from bilateral renal 
scarring. The diagnostic methods used may influence 
the frequency of detecting complications after UTI.
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