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Patients with aHUS can be at continuous 
risk of the life-threatening consequences of 
unpredictable complement-mediated TMA1,2

Chronic, uncontrolled complement activity in aHUS leads to ongoing endothelial
injury, organ damage, and sudden death2,3

References: 1. Laurence et al. Atypical Hemolytic Uremic; Essential Aspects of an Accurate Diagnosis. Clin Adv Hematol Oncol. 2016 Nov;14 Suppl 11(11)2-15. 2. Legendre, C. M. et al. Terminal Complement Inhibitor 
Eculizumab N Engl J Med N Engl J Med 2013;368 2169-81. 3. Noris et al. STEC HUS, atypical HUS and TTP are all, Nat. Rev. Nephrol. 2012 8, 622 633 

aHUS, atypical Hemolytic Uremic Syndrome; TMA, Thrombomicroangiopathy
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Introduction 

Antenatal urinary tract dilatation (UTD) is commonly found on 

routine fetal ultrasound [1,2]. UTD is a preferred term while var-

ious terminology such as congenital, fetal, antenatal, or prena-

tal hydronephrosis has been used for years [3,4]. Given that it is 

associated with a broad spectrum of conditions ranging from a 

transient finding to congenital abnormalities of the kidney and 

urinary tract (CAKUT) leading to chronic kidney disease (CKD), 

it is important to avoid unnecessary testing and identify cases 

of significant urinary tract anomaly. Nguyen et al. [4] have re-

cently updated the UTD classification system. A new guideline 
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was subsequently developed for the evaluation of antenatal 

and postnatal UTD [4]. This review aimed to discuss a clinically 

significant question evaluating and managing antenatal UTD 

from a pediatric nephrologist’s view and to assist pediatricians 

in their decision-making about the antenatal UTD. 

Q1. What is the definition of UTD? 

Different grading systems for UTD have been developed for a 

long time. The Society for Fetal Urology (SFU) system and renal 

pelvis anterior-posterior diameter (APD) measurements for 

grading UTD are commonly used [5]. However, the recently 
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updated UTD classification [4] seems to be appropriate for pre-

dicting long-term renal outcome and need for surgery in addi-

tion to identifying postnatal CAKUT [6-8]. According to the UTD 

classification system [4], antenatal UTD is defined as a renal 

pelvis APD of ≥4 mm in the second trimester (<28 weeks) and/

or ≥7 mm in the third trimester (≥28 weeks). The new system 

focuses not only on the kidney, but also on the entire urinary 

tract system, classifying UTD into two antenatal categories (UTD 

A1, UTD A2-3) and three postnatal categories (UTD P1, P2, and 

P3). UTD A1 is considered at low risk for postnatal CAKUT based 

on APD of 4 to <7 mm at <28 weeks and APD of 7 to <10 mm at 

≥28 weeks. Abnormal kidney parenchyma (cortical thinning, 

hyperechogenicity, cystic dysplasia, or indistinct corticomedul-

lary differentiation), calyces, ureters, bladder (wall thickening, 

ureterocele, or dilated posterior urethra), or amniotic fluid 

accompanied with a renal APD of ≥7 mm at <28 weeks or ≥10 

mm at ≥28 weeks corresponds to antenatal UTD A2-3, which 

is considered to be at an increased risk for postnatal CAKUT. At 

least 48 hours after birth, the presence of a renal pelvis APD of < 

10 mm without other abnormalities (no calyceal or ureteral di-

lation, no abnormalities of renal parenchyma or bladder) is de-

fined as normal in the UTD classification system. In this system, 

an APD of 10 to 15 mm or central calyx dilatation is defined as 

UTD P1 (low risk) and an APD of ≥15 mm or peripheral calyceal 

dilatation or dilated ureter of >4 mm with an APD of ≥10 mm or 

calyceal dilatation is defined as UTD P2 (intermediate risk). The 

presence of renal parenchymal abnormality, bladder abnor-

Antenatal UTD Postnatal UTD SFU grading
UTD A1 UTD A2-3 UTD P1 UTD P2 UTD P3 I II III IV

Renal pelvic APD (mm) 4 to <7 (<28 wk) ≥7 (<28 wk) 10 to <15 ≥15 ≥10 Pelvis 
splitting

Pelvis 
widening

7 to <10 (≥28 wk) ≥10 (≥28 wk)
Or Or Or Or

Calyceal dilatation Any Central Peripheral Any Major Grade II  
+ minor

Or Or
Ureter dilatation (mm) Anya) ≥4b)

Or And
Parenchymal or bladder 

abnormality or  
oligo-hydramnios

Yesa) Yes Grade III 
+ cortex 
thinning

mality, or oligohydramnios combined with an APD of ≥10 mm 

or any calyceal dilatation is classified as UTD P3 (high risk) [3,4]. 

UTD P1, UTD P2, and UTD P3 are comparable to SFU grade I-II, 

SFU grade III, and SFU grade IV, respectively (Fig. 1) [9]. 

Q2. What causes UTD? 

The main etiologies of antenatally diagnosed antenatal UTD 

can be grouped into three broad categories: (1) physiologic or 

transient dilation; (2) vesicoureteral reflux (VUR); and (3) ob-

structive uropathy. As the degree of antenatal and postnatal 

UTD increases, there is an increased risk of CAKUT except VUR 

[10]. A recent paper reported that one-third of children with 

antenatal UTD had the UTD before birth and that the UTD was 

resolved or stabilized by the end of 2 to 3 years for another third 

of children while UTD persisted or CAKUT was diagnosed for 

the remaining cases [3]. Transient or physiologic UTD might 

be associated with hydration status, bladder filling, transient 

narrowing of the ureteropelvic junction (UPJ), or delayed mat-

uration of ureteral peristalsis [11]. UPJ obstruction and VUR are 

the two most common CAKUT conditions, both of which can 

be diagnosed in 10% to 12% of cases [1,12]. Other CAKUT condi-

tions causing UTD include ureterovesical junction obstruction, 

primary non-refluxing megaureter, bladder outlet obstruction 

including posterior urethral valve (PUV) or ureterocele, duplex 

collecting system, multicystic dysplastic kidney, and so on [3,11].

Fig. 1. UTD classification system. UTD, urinary tract dilatation; SFU, Society for Fetal Urology; APD, anterior-posterior diameter. a)With renal 
pelvic APD ≥4 mm or calyceal dilatation. b)Renal pelvic APD ≥10 mm or calyceal dilatation. Parenchymal abnormality includes cortical thinning, 
increased echogenicity, indistinct corticomedullary differentiation, or cystic dysplasia. Bladder abnormality includes bladder wall thickening, 
ureterocele, or dilated posterior urethra. For a more complete understanding of UTD classification system, please refer to the images in the 
article of Nguyen et al. [4].
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Q3. What is the optimal evaluation of UTD? 

Extensive investigation for UTD is being proposed for cases with 

moderate or severe dilatation (UTD A2-3, P2, and P3). Nonethe-

less, it is recommended that all antenatal UTDs (UTD A1, A2-3) 

should be validated by two serial postnatal ultrasonography (US) 

at >48 hours after birth and a few weeks or months later [3,13]. 

For cases with suspected bladder outlet obstruction, kidney and 

bladder US should be checked as soon as possible postnatally 

and renal function should be checked together with indwelling 

urinary catheter. With urologic consultation, a follow-up US 

should be performed sooner [3,13]. For UTD P1, a follow-up US is 

recommended at 3, 6, and 12 months of life [3]. If there are only 

renal pelvis APD of <10 to 15 mm and/or central calyceal dilata-

tion (UTD P1), further evaluation is not recommended [3]. How-

ever, peripheral calyceal dilation has been reported to increase 

the risk of a diagnosis of CAKUT [3,4]. If there are worsening 

findings on serial postnatal US, further work-up including renal 

function tests, voiding cystourethrogram (VCUG) or mercap-

toacetyltriglycine (MAG3) scintigraphy (or diuretic renal scan) 

and urologic consultation should be considered. For UTD P2-3, 

a follow-up US in 1 to 3 months is suggested. Evaluation with re-

nal function tests (especially serum creatinine, electrolytes, and 

blood gas analysis), VCUG, and MAG3 scan are considered [3,14]. 

Diuretic renal scan is usually performed from 6 to 8 weeks of 

age [3]. Measurement of serum cystatin C instead of creatinine 

may offer significant advantages in neonates and young infants 

given that serum cystatin C levels are less affected by age, sex, 

dietary protein intake, and muscle mass compared to creat-

inine [15]. Consultation to a pediatric urologist and the use of 

prophylactic antibiotics can be considered based on the sever-

ity of clinical conditions. Supplementary comments for the an-

tibiotic prophylaxis will be mentioned in the following subject 

(Q5). A follow-up US at 6–12 months even after initial resolution 

could be recommended for some cases with UTD P2-3 since 

a recurrence of significant UTD has been reported in patients 

with spontaneous improvement (Fig. 2) [14,16]. 

Q4. Who will need a urologic intervention? 

The exact indications and suitable time for surgical intervention 

remain controversial. About 50% of postnatal UTDs will resolve 

and the remaining 40% to 45% will show improvement or stabi-

lization of UTD within the first 3 years of life [3,14,17]. General in-

dications for surgery include bladder outlet obstruction with oli-

gohydramnios and recurrent urinary tract infections (UTIs) with 

VUR or UPJ obstruction. Increasing dilatation and/or decreasing 

split function (<40% with impaired renal drainage or >10% 

of renal function deterioration on a follow-up renal scan) are 

also indicative of the need for surgery [3,13,14]. The cumulative 

incidence of needing surgery was about 20% to 30% children 

with antenatal UTD in long-term studies [17-19], while another 

study reported a far smaller proportion of patients undergoing 

any surgical procedure [20]. Yang et al. [18] have found that the 

ipsilateral differential renal function is preserved only in the 

early pyeloplasty group, implying that early surgical treatment is 

Antenatal UTD

UTD P1 UTD P2-3Bladder outlet obstruction

• Fetal intervention 
• US at the earliest
• Check renal function tests 
• Indwell urinary catheter
• Urologic consultation
• Consider prophylactic 

antibiotics

Low risk for CAKUT 
• Repeat US at 3, 6, 12 mo of life
• If APD <10–15 mm and/or central calyx 

dilatation, no further evaluation
• If deterioration, further evaluation
• FU US every 6 mo until 3 yr, thereafter 

every 1–2 yr

Increased risk for CAKUT
• Repeat US at 1 mo, then every 1–3 mo until 12 mo of life 
• Check renal function tests
• Consider VCUG and/or DRS (MAG3)
• Urologic consultation
• FU US every 6 mo or as needed after 12 mo of life 
• Consider prophylactic antibiotics
• Check US at 6–12 mo even after initial resolution

Fig. 2. Evaluation, management, and follow-up for antenatal and postnatal UTD. UTD, urinary tract dilatation; US, ultrasonography; CAKUT, 
congenital abnormalities of the kidney and urinary tract; APD, anterior-posterior diameter; FU, follow-up; VCUG, voiding cystourethrogram; 
DRS, diuretic renal scan; MAG3, mercaptoacetyltriglycine. Adapted from Herthelius. Pediatr Nephrol 2023;38:3221-7 [3].
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important to preserve renal function in patients with persistent 

UTD P2-3 (SFU grade III or IV). In addition, several predictors 

for surgical intervention have been suggested, including ini-

tial postnatal APD, renal pyramidal thickness, delayed cortical 

tissue transit time on diuretic renal scan, and renal parenchy-

ma-to-hydronephrosis area ratio [21-24]. 

Q5. What is the risk of UTI? Do we need an an-
tibiotic prophylaxis? 

In general, children with antenatally diagnosed UTD are at an 

increased risk of UTI. Infants with antenatal UTD are more like-

ly to have acute pyelonephritis within the first year of life than 

those without UTD [25]. Several studies have shown a cumula-

tive incidence of 7% to 14% for UTI during infancy [26-28]. While 

some studies reported higher incidence of 14% to 40% for UTI 

especially in cases with moderate or severe UTD [29,30], others 

revealed lower occurrence of UTI (3.3% to 6.83%) in children 

with antenatal diagnosis of UTD [31,32]. Among underlying 

uropathies, VUR has been shown to be the most important risk 

factor for UTI within the UTD population [28]. UTI rates were 3- 

to 6-fold higher in patients with hydroureteronephrosis than in 

those with isolated hydronephrosis according to a systematic 

review by Braga et al. [33]. For a long time, the use of continuous 

antibiotic prophylaxis (CAP) has been a challenging issue. A 

systematic review [34] has shown that uncircumcised boys and 

children with ureteral dilatation and/or high-grade UTD are 

more prone to develop UTI and that CAP is recommended for 

these subgroups of patients. However, benefits of CAP are lim-

ited in infants with mild to moderate UTD since the protective 

effect of CAP against UTI has not been revealed yet [34,35]. The 

use of CAP for UTI prevention in infants with prenatal UTD has 

been acknowledged as a low level of evidence by the American 

Urological Association, the SFU, and the Canadian Urological 

Association [33]. 

Q6. What is the long-term outcome of ante-
natally detected UTD? 

While permanent kidney damage is known to occur in about 

40% of children with moderate or severe UTD [3], only a few 

studies have provided long-term outcomes of antenatally de-

tected UTD [18,20,36,37]. Costa et al. [19] have reported the de-

velopment of a composite event of hypertension, proteinuria, 

and/or reduced estimated glomerular filtration rate (eGFR) in 

5% of a cohort of 447 children with isolated antenatal APD ≥5 

mm at a median follow-up of 6.4 years. However, children with 

mild UTD did not have any chronic kidney damage during the 

follow-up period. Another study by Herthelius et al. [20] has 

shown that none of the children with antenatally detected UTD 

has proteinuria or reduced eGFR during 12 to 15 years of fol-

low-up. Among confirmed cases with postnatal renal APD >7 

mm and/or kidney parenchyma, calyces, ureters, or bladder pa-

thology, persistent UTD occurred in 15% and persistent kidney 

damage assessed by renal DMSA (technetium 99m dimercap-

tosuccinic acid) scan or US was developed in 32% to 39%. They 

have concluded that it is unnecessary to perform long-term 

follow-up or use CAP in children with postnatal APD ≤7 mm 

and normal renal parenchyma, calyces, ureters, and bladder. 

According to a recent report by Herthelius [3], CAKUT is less 

likely to be diagnosed afterward in children older than 1 year 

who have a renal APD <15 mm without other abnormal findings 

on repeated exams. In contrast, there is a different story for 

a much longer follow-up of children with CAKUT [38,39]. In a 

study performed by Sanna-Cherchi et al. [38], renal deteriora-

tion was not evident until late adolescence apart from PUVs and 

bilateral hypodysplasia. However, 58 (18.6%) of 312 patients with 

CAKUT had started dialysis by 30 years of age. Patients with sin-

gle kidney and those with renal hypodysplasia combined with 

PUVs were at increased risks for dialysis (hazard ratios: 2.43 and 

5.1, respectively) compared to those with renal hypodysplasia, 

multicystic kidney, or horseshoe kidney [38]. Another study has 

also revealed that end-stage kidney disease caused by CAKUT 

is developed more often in adult age than in pediatric age [39]. 

Using data on the incidence and prevalence of renal replace-

ment therapy (RRT) in a total of 212,930 patients, the median 

age at RRT start was found to be 31 years for patients with CA-

KUT and 61 years for those with non-CAKUT [39]. Patients with 

renal dysplasia required RRT at a very young age (median, 16 

years) compared with those in other CAKUT categories. The 

incidence of RRT due to reflux-associated pyelonephritis in-

creased sharply during the first two decades, reaching its peak 

in the early 20s. However, 50% of patients with CAKUT did not 

start RRT before turning 40s [39]. These studies suggest that 

ongoing loss of remnant nephrons can lead to CKD progression 

across the entire age range. Mild forms of CAKUT, including 

low nephron endowment at birth, seem to be more frequent 

than expected and be revealed in later adulthood [40]. Effective 

transition strategies from pediatric to adult nephrology service 

would be essential to achieve disease-specific good-quality 
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care for this group of patients [39]. Individualized follow-up 

and management plans for children with UTD and/or CAKUT 

should be applied based on recommendations from a pediatric 

nephrologist or urologist, or both. 

Q7. What do we research for the optimal 
management of UTD? 

Since 2014, many studies have been performed to validate the 

correlation between the UTD classification system and clinical 

outcomes [6-9,20]. For predicting various outcomes such as 

surgical intervention, UTI risk, and chronic kidney damage, fur-

ther extensive evaluation regarding the grading system would 

be necessary to assess its utility. Meanwhile, over the years, nu-

merous urinary and serum biomarkers for UPJ obstruction and 

VUR have been studied, including neutrophil gelatinase-asso-

ciated lipocalin [41-43], cystatin C [41], kidney injury molecule-1 

[44], monocyte chemoattractant protein-1 [44], β2-microglob-

ulin [43], and so on. Further studies are also needed to confirm 

the efficacy of these biomarkers to predict the development 

and progression of CKD as well as CAKUT itself. In addition, 

in line with the artificial intelligence era, investigations for 

grading UTD using machine learning algorithms (automated 

convolutional neural network model) have been reported. It 

was reported that a machine learning model classified 94% to 

97.6% of patients correctly or within one grade of the diagnosis 

of radiologists of UTD [45,46]. Deep learning model could also 

predict renal complications in children with antenatal UTD 

concerning UPJ obstruction [47]. These models may offer great 

promise in their ability to affect clinical decision-making with 

a large amount of supplemental analytical data. Since genetic 

and environmental contributions for CAKUT have been iden-

tified, long-term prospective studies of patients with CAKUT 

coupled with comprehensive genomic analysis, functional vali-

dation of genetic variants, and an in-depth assessment of the in 

utero or perinatal environment are needed [40,48]. Recent ad-

vances in genetics, epigenetics, and molecular medicine might 

also offer an opportunity to expand our knowledge on the de-

velopment of CAKUT and the proper management of patients 

with this condition. 

Conclusion 

Optimal evaluation of antenatal and/or postnatal UTD is essen-

tial as children with clinically significant abnormalities need to 

be identified while avoiding unnecessary testing. While most 

children with antenatal UTD have a favorable long-term out-

come with a low risk of kidney disease progression, a greater 

portion of children with CAKUT need RRT during adulthood  

than during childhood. There is no definite answer to the ques-

tion of at what time point we can stop the follow-up safely in a 

child with persistent UTD. In children with persistent moderate 

or severe UTD (UTD P2-P3, SFU III-IV), a non-negligible risk of 

permanent kidney damage exists. To improve the evaluation 

and management of these patients, future research studies 

should perform additional risk stratification and develop evi-

dence-based interventions. 
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Introduction 

The landscape of diagnostic methodologies for genetic diseas-

es has undergone a remarkable transformation, leading to the 

discovery of thousands of genetic conditions. Currently, around 

7,000 rare diseases have been identified, with an estimated 

80% attributed to genetic factors, and 50% manifesting during 

childhood [1-4]. Early genetic diagnosis has proven particularly 

beneficial for pediatric patients, offering significant cost savings 

and enabling long-term disease management [5]. Recent tech-

nological advancements and cost reductions have made various 
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genetic tests integral to diagnostic evaluations in clinical prac-

tice. Next-generation sequencing (NGS) stands out due to its 

ability to simultaneously identify variants across multiple genes. 

This capability has led to cost efficiency and high diagnostic 

rates, especially for diseases characterized by genetic heteroge-

neity. Nevertheless, the challenge of interpreting the vast array 

of variants generated by NGS is non-trivial and often requires 

additional resources for validation. NGS may not be the optimal 

choice for single-gene diseases distinguishable by characteris-

tic clinical features, and it is not considered the gold standard for 

detecting certain genetic variations such as copy number varia-
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tions (CNVs) or short tandem repeats (STRs). Therefore, a critical 

aspect of the diagnostic process is accurate clinical assessment, 

followed by the judicious choice of testing methodology and 

careful interpretation of test reports by clinicians.  

This review is divided into two sections. The first section cov-

ers various clinical genetic testing methodologies, discussing 

the types of tests and factors influencing test selection. The sec-

ond section focuses on the interpretation of germline sequence 

variants, a common outcome of NGS. This structure allows for 

a comprehensive exploration of clinical genetic testing, rang-

ing from broad methodologies to the detailed interpretation of 

specific variants. 

Comprehensive review of clinical genetic 
testing in rare genetic diseases 

Overview of genetic testing modalities 

Clinical genetic testing has become a pivotal component in di-

agnosing rare diseases, offering a broad range of tests available 

in clinical settings. Each genetic test is performed based on 

specific principles and has corresponding indications. There 

are three primary types of genetic testing: cytogenetic (chro-

mosomal), DNA (molecular), and biochemical. Chromosomes, 

thread-like structures made up of DNA can be observed under 

a microscope after specific staining since the 1980s [6]. Mi-

croarray techniques, designed to identify small-unbalanced 

rearrangements, had developed and now feature diverse estab-

lished platforms [7-9]. This method is recognized as a first-tier 

cytogenetic test for patients with developmental delay/intel-

lectual disabilities, multiple congenital anomalies, and autism 

spectrum disorder [10-13]. Fluorescence in situ hybridization 

provides a unique advantage by visually mapping genetic ma-

terial within a cell, facilitating the identification of structural 

chromosomal abnormalities [14,15]. Molecular genetic testing, 

the most frequently performed category, assesses single DNA 

loci, single genes, or multiple genes. Sanger sequencing, a 

traditional method and the gold standard for identifying sin-

gle nucleotide variations is renowned for its high accuracy in 

analyzing short DNA sequences [16]. The polymerase chain re-

action (PCR), a versatile tool widely used to amplify small DNA 

segments, is essential in various genetic tests, including those 

for infectious diseases [17-19]. Multiplex ligation-dependent 

probe amplification (MLPA), a robust method for detecting 

deletions and duplications of up to 50 nucleic acid sequences, 

proves invaluable for diagnosing various genetic disorders 

[20,21]. Some biochemical genetic tests, such as Southern blot-

ting, while less common, still play a role in identifying specific 

DNA sequences in larger DNA samples [22,23]. NGS, a revo-

lutionary form of molecular genetic testing, enables the rapid 

sequencing of large stretches of DNA or RNA, dramatically 

transforming the fields of genomics and molecular biology and 

facilitating a broad range of applications [24-27]. 

Critical factors in genetic test selection 

In clinical practice, each genetic testing method is tailored to a 

specific indication. In terms of the detection range, some tests 

focus on single loci, while others, like NGS, can cover the entire 

genome. However, NGS is not the gold standard for detecting 

CNVs or STRs. Despite a decrease in cost and processing time, 

NGS remains more expensive and has a longer turnaround 

time (TAT) compared to traditional tests. Clinicians must take 

these factors into account when selecting tests (Table 1). An 

accurate and specific clinical diagnosis is crucial, as it guides 

the identification of potential causative genes and common 

types of genetic variation. For example, in cases clinically di-

agnosed with Fragile X syndrome, the first-tier confirmatory 

tests are Southern blotting or PCR targeting FMR1. Similarly, for 

pathologically confirmed Alport syndrome with a family his-

tory of X-linked inheritance, testing for the COL4A5 gene using 

sequencing and MLPA is advisable, as 10% to 15% of these cases 

involve exon-level deletions or duplications [28,29]. A precise 

clinical diagnosis facilitates targeted testing, thereby reducing 

both the length of the diagnostic journey and associated costs. 

Although essential, a detailed clinical assessment, including 

examination findings, routine laboratory tests, and specific 

biomarkers such as pathological findings, is not extensively dis-

cussed in this article. 

The urgency of diagnosis is vital in certain cases, necessitat-

ing consideration of clinical severity and TAT. Many inherited 

metabolic disorders can lead to irreversible damage if not 

promptly managed [30]. In cases of serious and rapidly pro-

gressive illnesses, quick decision-making is essential. Some 

patients may find themselves in a situation where they have 

a serious and rapidly progressive illness, requiring swift de-

cision-making. In such cases, opting for tests with the fastest 

available results rather than the most cost-effective sequence 

of tests may be clinically justified. Rapid genomic sequencing, 

which significantly shortens TAT, is increasingly used for pa-

tients with suspected medically actionable disorders or those 

in intensive care units [31-33]. 
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Table 1. Comparative characteristics of different genetic testing methodologies

Method Range Common indication TAT Cost Example
Karyotype Genome-wide CNVs <1 mo Low Down syndrome

Other structural variations
Chromosomal microarray Genome-wide CNVs < 1 mo Average Challenging cases

UPD (SNP platform)
FISH Targeted CNVs <1 wk Low Angelman’s syndrome

Other structural variations
Target PCR Targeted SNVs <1 wk Low

Repeat expansions
MLPA Targeted Small CNV (exon level) >1 mo Low Duchenne muscular dystrophy
Southern blot Targeted Small CNV >1 mo Low Fragile X syndrome

Repeat expansions
Sanger sequencing Targeted SNVs >1 mo Average Cystic fibrosis
Gene panel Targeted (wide) SNVs >2 mo High Long QT syndrome
Exome/genome sequencing Genome-wide SNVs >2 mo High Challenging cases

CNVs (possible only in genome 
sequencing)

TAT, turn-around-time; CNV, copy number variation; UPD, uniparental disomy; SNP, single nucleotide polymorphism; FISH, fluorescence in situ 
hybridization; PCR, polymerase chain reaction; SNV, single nucleotide variation; MLPA, multiplex ligation-dependent probe amplification.

Finally, cost-effectiveness is a critical factor in healthcare, 

particularly for the diagnosis of rare diseases. The introduction 

of advanced genomic technologies like NGS has broadened 

our diagnostic scope, but their higher initial costs necessitate 

careful test selection. Cost-effectiveness typically involves 

starting with less expensive tests, followed by more compre-

hensive and sensitive yet costlier methods if the initial results 

are inconclusive. This tiered approach balances the need for 

thorough genetic analysis with budget constraints and enhanc-

es patient care by providing efficient and economically viable 

genetic testing strategies. Economic considerations in genetic 

testing go beyond cost reduction; they focus on maximizing the 

value that each test brings in terms of clinical outcomes and 

informed healthcare decisions. Although recent studies have 

demonstrated the cost-effectiveness of genome sequencing as 

a primary diagnostic tool in certain rare disease groups [34-36], 

the heterogeneity in study inclusions and cost-effectiveness 

parameters cast doubt on the generalizability of these results, 

highlighting the need for further well-designed studies. Addi-

tionally, costs and availability differ by country; for example, in 

Korea, the current insurance system officially covers only limit-

ed multi-gene panel tests, necessitating a different approach to 

the diagnostic strategy. 

Deciphering genetic variants: analysis and 
clinical correlation 

Various genetic variants contribute to the development of rare 

genetic disorders. However, this section focuses specifically on 

germline sequence variants, which have become increasingly 

significant due to the rise in NGS utilization. This technology 

generates numerous variants of uncertain clinical significance. 

The process of identifying variants through NGS data involves 

the following sequential steps: variant calling, annotation, and 

the evaluation of disease causality. In this section, we will delve 

into the process of evaluating the final disease causality of a 

variant as reported in the test, particularly from the clinician’s 

perspective. 

Germline variant classification 

Classifying germline sequence variants is a crucial step in ge-

netic testing, guided by comprehensive criteria established by 

leading organizations such as the American College of Med-

ical Genetics and Genomics (ACMG) and the Association for 

Clinical Genomic Science (ACGS). The widely recognized and 

utilized ACMG guideline categorizes variants into five groups: 

pathogenic, likely pathogenic, uncertain significance, likely 

benign, and benign. This classification relies on various factors, 

including the population database, gene characteristics, prior 

reports, segregation results, computational predictions, and 
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functional studies [37]. ACGS provides a framework aligned 

with ACMG, underscoring the significance of clinical context 

and multidisciplinary expert consensus in variant interpre-

tation [38]. Typically, laboratory physicians report pathogenic 

and likely pathogenic variants and occasionally variants of 

uncertain significance based on their policies. Despite global 

application, these guidelines are not without limitations. Vari-

ability in interpretation among clinicians and laboratories may 

result in inconsistent variant classification [39]. The databases 

crucial for variant interpretation are still evolving and may not 

sufficiently cover population-specific variations. Furthermore, 

these guidelines often prioritize molecular characteristics over 

the complete clinical profile of the patient, potentially leading to 

less personalized assessments. There is a growing demand for 

clearer variant interpretation, prompting efforts to modify and 

update these guidelines to better suit specific genetic or clini-

cal subgroups [40-44]. However, studies based on large-scale 

cohorts have yet to provide universally applicable criteria for 

variant interpretation. Consequently, the final interpretation of 

variants, particularly those of uncertain significance, remains 

challenging when relying solely on guidelines. Achieving accu-

rate interpretation and application of these findings necessi-

tates a comprehensive, patient-centric approach by clinicians 

[45-48]. 

Clinical correlation and personalized interpretation of variants 

Before finalizing the results for a patient, clinicians must con-

sider various factors in alignment with the reported genes/ 

variants. The first factor is key phenotypes which include the 

age of onset, primary clinical symptoms, and disease progres-

sion. While theoretically, patients with the same variant may 

exhibit similar clinical symptoms, it is common to find individ-

uals with the same variant presenting a wide range of diverse 

phenotypes, even within the same family (Fig. 1). This neces-

sitates careful consideration [49]. For instance, the autosomal 

dominant polycystic kidney disease, is well known for various 

phenotypes, ranging from simple cyst to early end-stage renal 

disease, illustrating variable expressivity (Fig. 1A) [50]. The GLB1 

gene, known to cause GM1-gangliosidosis with symptoms in-

cluding progressive cerebral degeneration and developmental 

regression, is also responsible for Morquio disease. Morquio 

disease is characterized by multiple skeletal abnormalities and 

coarse facial features without clear neurological symptoms, 

exemplifying phenotypic variation or pleiotropy (Fig. 1B) [51,52]. 

A detailed family history assessment is crucial for patients with 

genetic disorders. The inheritance patterns of the identified 

genes should align with the family history and segregation 

results. If a gene associated with an autosomal dominant Men-

delian disorder is documented, the variant should not be pres-

ent in the asymptomatic parents, indicating de novo variation. 

Family test results, reflecting inheritance patterns, are critical 

Fig. 1. Conceptual representation of expressivity, pleiotropy, and penetrance in autosomal dominant genetic disorders. (A) A pedigree displaying 
an autosomal dominant genetic with varying levels of disease expressivity among family members. (B) A pedigree illustrating an autosomal 
dominant genetic disorder demonstrating disease pleiotropy within family members. (C) A pedigree of autosomal dominant genetic disorder 
exhibiting complete penetrance. (D) A pedigree of autosomal dominant genetic disorder exhibiting incomplete penetrance. Mut, mutation.
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and are incorporated into the ACMG and ACGS guidelines 

[37,38]. Unmatched results necessitate a reevaluation of the di-

agnosis. Notably, some diseases exhibit incomplete or reduced 

penetrance, explaining why asymptomatic family members 

carry the causative variant (Fig. 1D) [53,54]. Factors influencing 

penetrance include variant types, gene expression levels, epi-

genetic changes, gene-environment interactions, and genetic 

modifiers [55]. However, these theoretical factors often provide 

limited practical insight in clinical settings. Clinicians primarily 

rely on previous clinical reports and databases for practical in-

formation. For example, consider the case of the COL1A1 gene, 

associated with osteogenesis imperfecta, a rare connective 

tissue disorder. Osteogenesis imperfecta is known for its vari-

able expression and incomplete penetrance, as documented 

in several clinical studies [56,57]. When a variant of the COL1A1 

is identified in a family, and an asymptomatic family member 

carries the variant, it can be confirmed as causative if the phe-

notype matches the disease and co- segregation results for the 

rest of the family members (ideally from an extended pedigree) 

align with the known inheritance pattern, given the recognized 

incomplete penetrance of the gene. Similarly, specific diseases 

or gene subgroups, such as inherited retinal disease, hereditary 

spastic paraplegia, polycystic kidney disease, and renal agen-

esis/hypoplasia, are known to exhibit incomplete penetrance 

[58-61]. In summary, clinicians can ascertain the final causality 

of a variant using case-level clinical correlations. This deter-

mination hinges on a comprehensive assessment in which all 

pieces of the puzzle, including phenotypic consistency with the 

gene, family test results based on an extended pedigree, and 

research findings from existing databases, fit together harmo-

niously. If any of these factors are missing or inconclusive, a 

conservative interpretation approach should be adopted. 

Conclusion 

This review highlights the complexities and advancements in 

clinical genetic testing for rare diseases, emphasizing signifi-

cant strides in diagnostic tool development, particularly NGS. 

While NGS has greatly improved our ability to identify genetic 

diseases, it has also necessitated meticulous validation. The 

selection of an appropriate genetic test in clinical practice re-

quires careful consideration of factors such as detection range, 

cost, and clinical specificity. The role of germline variant clas-

sification, guided by the ACMG and ACGS guidelines, is crucial, 

but it faces limitations, including subjectivity and insufficient 

coverage of population-specific variations. To ensure accurate 

diagnosis and effective management, clinicians must meticu-

lously align patient phenotypes with reported genes/variants, 

taking into consideration the variability in disease expression 

and extensive family histories (Fig. 2). This holistic and detailed 

approach is essential for enhancing patient care within the 

complex landscape of rare genetic diseases. 
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Introduction 

Kidney disease is a public health problem, with more than 750 

million people diagnosed worldwide. In 2019, 1.3 million people 

lost their lives due to kidney failure, and nearly 1.7 million die 

from acute kidney injury every year [1-3]. Chronic kidney dis-

ease (CKD) is a challenge because it manifests with unspecific 

or no clinical symptoms; symptoms are detected only at more 

advanced stages [4,5]. The most frequent complications of this 

disease are cardiovascular disorders, mineral and bone imbal-

ance, and progression of CKD [6]. 

Kidney diseases can be recognized by identifying an imbal-

ance in markers such as amino acids, lipids, and nucleotides. 
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These compounds can suggest that there is a problem, expe-

diting proper treatment and thus reducing complications [7-9]. 

The main indicators of kidney injury are albuminuria (albumin 

to creatinine ratio ≥30 mg/g), urinary sediment abnormalities 

characteristic of tubular disease, electrolytic disorders, and re-

duced renal function (glomerular filtration rate [GFR] <60 mL/

min/1.73 m²) [10-12]. 

Indicators of kidney injury are mainly detected through urine 

and venous blood samples. These samples must be refrigerat-

ed due to the instability of the compounds, which can undergo 

enzymatic degradation [13,14]. However, dried blood spots (DBS) 

have gained relevance and may especially benefit populations 

at risk of CKD [13,15]. DBS is advantageous for infants and el-
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derly patients, especially because it requires less blood volume 

than conventional tests [16,17]. Despite the observed practical 

advantages, these assays involve methodological concerns that 

should be discussed, such as homogeneity of the sample point, 

hematocrit, and sample recovery [18,19]. 

Hence, this narrative review covers potential applications of 

DBS including GFR estimation, drug level monitoring, and its 

advantages and limitations, as well as precautions when apply-

ing it in clinical practice. 

Markers of kidney function 

The GFR, which describes the volume of plasma filtered from 

the glomerular capillaries into Bowman's capsules per unit of 

time [20], is considered a sensitive and specific indicator of 

abnormal kidney function [21]. The gold standard for GFR mea-

surement is determining the clearance of compounds filtered 

exclusively by the glomeruli. Exogenous markers, such as io-

hexol, inulin, and iothalamate, meet this criterion, but they are 

used only in specific situations (e.g., drug adjustment or kidney 

protocols) due to their cost and complexity [10]. 

In most circumstances, GFR is estimated using compounds 

eliminated by the kidneys (creatinine and cystatin C) based on 

mathematical equations to correct for biological variations 

[22,23]. Creatinine levels vary according to age, sex, metabolism, 

muscle mass, and nutritional status. Cystatin C seems to be less 

dependent on biological factors, but its levels may increase with 

glucocorticoid use and show poor agreement during pregnan-

cy due to placental production [8,24,25]. 

Principles and applications of DBS methods 

The first officially established tests to use dried whole blood 

samples on filter paper in the pre-analytical phase of labora-

tory testing were performed in 1963, with the discovery of an 

effective low-cost neonatal screening test to identify phenylke-

tonuria [26]. The successful screening of this and other inborn 

errors of metabolism using DBS has led to its adaptation for 

a myriad of analytical parameters, such as drug monitoring, 

protein studies, and infectious disease management [14,27,28]. 

Table 1 summarizes the main applications of DBS in kidney dis-

eases. 

The filter paper method has advantages over conventional 

venipuncture, since blood collection is easy to perform, less 

invasive, and relatively painless [29,30]. The paper filter method 

minimizes the volume of blood taken from patients and may be 

performed without specialized structures [29]. Furthermore, 

it is better suited for clinical research and patients who must 

undergo numerous blood tests or who have damaged veins, as 

well as for infants and older people [29,31,32]. 

Determining biochemical parameters from blood samples 

requires a well-established quality control system [33]. Factors 

such as sample collection procedure, sample volume, spot 

quality, filter paper type, drying and storage methods, hemato-

crit, and the incorporation of internal standards are important 

parameters for good DBS performance and vary depending on 

the analyte [34-37]. 

Relevant factors in DBS methods 

Sample collection 

In the classic filter paper system, a few drops of whole blood 

(5–50 μL) are collected on a card by finger prick with a lancet 

[29]. At this stage, certain precautions are essential, such as 

thorough disinfection, discarding the first drop of blood, which 

may contain tissue fluid, completely filling in the card’s outlined 

circle, and drying the sample at room temperature [14,38]. In 

viability testing of home-collected DBS samples for creatinine 

analysis, blood adherence to the cards was high, but only 80% 

of the spots showed accurate saturation and were suitable for 

analysis [39]. 

Capillary blood collected by finger prick is a mixture of ar-

terial blood, venous blood, and interstitial fluids. Biomarker 

concentrations in capillary blood collected in DBS should be 

different from those found in venous blood [35]. Lower concen-

trations of cystatin C were found in blood collected by finger 

prick than in venous blood [40]. GFR measured by iohexol clear-

ance has proven reliable in venous samples and capillary blood 

spots, although the capillary method overestimated venous 

GFR by 7.2% [41]. Conversely, both venous sampling and finger 

stick sampling at 2-time points after iohexol infusion resulted 

Table 1. Potential applications of dried blood spots in kidney disease

• Screening and monitoring GFR decline in high-risk patients for 
CKD progression.

• Drug monitoring or adjustment in patients using nephrotoxic drugs 
or having underlying kidney disease.

• Patients at high risk for CKD who need multiple blood sampling at 
home (e.g., underlying diabetes mellitus and infants or elderly 
patients).

GFR, glomerular filtration rate; CKD, chronic kidney disease.
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in an acceptably accurate GFR measurement [42]. Variability in 

creatinine levels between capillary and venous blood samples 

was compared using the gold standard method, isotope dilu-

tion mass spectrometry, which reinforced the importance of 

using correction factors derived from validation studies to align 

the values obtained through each method [43].

 

Filter paper 

The filter paper type may affect the homogeneity and behavior 

of blood spreading, as well as compound stability and recovery 

[35,44]. The main types of filter paper are made of cellulose 

(Whatman, GE Healthcare and Ahlstrom, Perkin-Elmer) or 

glass microfiber (Agilent Bond Elut DMS and Sartorius) [29,38]. 

Cellulose-based cards may contain additives, such as en-

zyme inhibitors or denaturing agents [35,38]. Whatman FTA 

DMPK-A cards are impregnated with radical inhibitors [sodium 

dodecyl sulfate, tris(hydroxymethyl) aminomethane] and can 

promote cell lysis and denature proteins on contact. Similarly, 

Whatman FTA DMPK-B cards are impregnated with chaotropic 

agents (guanidinium thiocyanate). Cotton-based cards, such as 

Whatman FTA DMPK-C, are not impregnated with stabilizing 

materials and are suitable for protein analysis, as are Whatman 

903 and Ahlstrom 226 [33]. 

Due to the range of available filter cards, the European Bio-

analysis Forum recommends fully validating DBS sampling 

methods for specific paper types [45,46]. Recommended vali-

dation parameters include drying conditions, storage stability, 

the effects of sample recovery, linearity, accuracy, and precision 

[46]. 

Hematocrit 

Hematocrit variability is the main factor affecting the quality of 

DBS results [47]. Hematocrit reflects the relative volume of red 

blood cells and affects blood viscosity. High hematocrit results 

in low absorption into the card [31]. Human reference values 

vary according to biological parameters such as age, sex, nutri-

tional status, race, pathological conditions, and pregnancy, in 

addition to extrinsic factors, such as altitude and smoking [47]. 

Mathematical equations to correct these variations have been 

determined based on the patient's baseline value or reference 

values for men and women [14]. Using computer systems to ap-

ply specific correction factors based on demographic data may 

help correct the impact of hematocrit on DBS measurements 

and achieve accurate analytical results. However, for precision, 

many sources of random errors (pipettes, volumetric flasks, de-

tector, extraction procedure) must be accounted for [47]. 

The effect of hematocrit depends on the analyte of interest, 

and different results may be obtained according to its physical 

and chemical properties [48,49]. This effect can be measured 

either directly or indirectly through endogenous compounds 

such as sphingomyelin and potassium [47,50]. Incorporating 

internal standards, in association with accurate volume sam-

pling, whole-spot extraction, and automated direct elution 

techniques has been shown to minimize the effect of hemato-

crit and thus improve reliability [51,52]. 

In studies involving individuals with abnormal hematocrit 

levels, DBS sampling proved unsuitable for iothalamate analy-

sis [53]. Low hematocrit also significantly influenced creatinine 

analysis (deviation of 15%), and correction with endogenous 

compounds (potassium) was suggested [50]. Conversely, some 

studies reported that hematocrit’s effects on precision were 

within acceptable limits [32,54,55].  

Applicability of the DBS technique in nephrology

Measurement of endogenous markers 

Using DBS to quantify endogenous markers of kidney function 

has mainly occurred in the last decade (Table 2) [13,34,40,43,56-

63]. A strong correlation was found between conventionally 

obtained venous blood samples and those collected through 

DBS [43,57,58]. Using the reference method, creatinine quanti-

fication in DBS samples showed good accuracy [58]. Neverthe-

less, only Dalton et al. [43] compared creatinine levels in whole 

capillary DBS samples (n=66) using isotope dilution mass spec-

trometry. 

One observed advantage of DBS is the stability of compounds. 

Creatinine showed 7-day stability at 32 °C in blood collected 

on Whatman FTA DMPK-C cards [32]. Quraishi et al. [56] also 

reported that creatine is stable for up to 90 days between 4 °C 

and 37 °C in serum samples stored on filter discs. Similarly, DBS 

urea concentrations were stable for up to 120 days at 4 °C and 

for 90 days at 37 °C [63]. However, cystatin C values decreased 

when shipping times exceeded 8 days (n=3,149) [34]. 

Measurement of exogenous markers 

To determine the GFR through the clearance of exogenous 

compounds, blood must be collected several times over spe-

cific periods [64]. The filter paper method could simplify this 

process and be more tolerable in special populations, such 

as children [42]. Table 3 shows the main studies that have as-
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sessed methods of measuring exogenous markers of kidney 

function through DBS [41,42,53,65-69]. As found in a previous 

study, there was strong agreement between DBS and venous 

GFR, with acceptable bias, precision, and accuracy, especially in 

patients with GFR <60 mL/min/1.73 m2 [41]. Linear regression 

analyses also found good agreement between 82 serum and 

DBS samples regarding iohexol concentration [65]. 

Serum medication levels 

Simultaneous assessment of kidney function indicators and 

medications in filter paper collection systems is a promising 

method for controlling the clearance or toxicity of drugs or 

their metabolites [70]. Forms of nephrotoxicity include tubular 

epithelial cell injury (antimicrobials, chemotherapeutic drugs, 

and venous contrast agents), interstitial nephritis (antibiotics, 

anti-inflammatory drugs, proton pump inhibitors, and im-

mune-checkpoint inhibitors), and the formation of intratubular 

crystals (acyclovir, indinavir, antimicrobials, methotrexate, and 

sulfadiazine) [71]. 

Risk factors, such as advanced age, cardiovascular disease, 

diabetes, and liver disease, contribute to the development of 

kidney dysfunction after nephrotoxic drug use [72]. Combined 

therapies with diuretics, non-steroidal anti-inflammatory 

drugs, and renin angiotensin system inhibitors may potentiate 

nephrotoxicity in this group of patients [73]. Since drugs can 

also accumulate when kidney function is reduced (digoxin, 

metformin, and lithium), periodical kidney function assess-

ment is needed in these patients [74,75]. 

Good correlations have been observed between serum and 

DBS samples for creatinine and immunosuppressant quantifi-

cation by liquid chromatography-tandem mass spectrometry 

(Table 4) [32,39,54,74,76-80]. Simultaneous analysis of creati-

nine and diabetes medications (metformin and sitagliptin) has 

also shown good accuracy and precision in DBS samples [74,76]. 

Cystatin C-based measures of renal function improved cef-

triaxone clearance prediction in 26 elderly patients [81]. Con-

versely, vancomycin clearance levels could not be accurately 

predicted through DBS [54]. 

Kidney transplant patients also require constant kidney 

function assessment, in addition to effective dose manage-

ment of immunosuppressant drugs (cyclosporine, tacrolimus, 

and mycophenolate) [80,82]. The side effects of these drugs can 

lead to treatment nonadherence, as shown by Almardini et al. 

[83], who reported 36% nonadherence to mycophenolate in a  

group of children. The economic cost and social implications of 
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Table 3. Studies involving measurement of exogenous markers of kidney function through DBS samples

Author
Collection  

method
Sample  

size
Analytical 
technique

Storage and  
quality control

Study  
population

Assessment of  
agreement/performance

Iohexol
 Niculescu-

Duvaz [65]
VB, CB (3 points) 82 HPLC –20 °C Mean age: 41 yr R2=0.953
Schleicher & 

Schuell Grade 
903

Hematocrita)

Recoveryb)

 Mafham [66] VB, CB (3 points) 81 HPLC Analysis: <4 hr Mean age: 53±17 yr Bias ±1.96×SD (mL/min/1.73 m2)
Schleicher & 

Schuell Grade 
903

Hematocrita) GFR 15–124 mL/
min/1.73 m2

3-spot iohexol clearance: 1.1±15.1
2-spot iohexol clearance: 0.6±14.9
1-spot iohexol clearance: 4.5±21.2

 Maahs [67] VB, CB (5 points)
Whatman 903 

Protein Saver

15 HPLC Analysis: <4 hr
Hematocrita)

Patients with type 1 
diabetes

5-point blood spot GFR: 84.1±15.4 mL/min/1.73 
m2 (R=0.89), mean BA difference=0.16

Mean age: 29±12 yr
Iohexol IV (1,500 mg)

2-point blood spot GFR: 83.4±15.4 mL/min/1.73 
m2 (R=0.89), mean BA difference=0.81

 Salvador [41] VB, CB (7 points)
Whatman 903 

Protein Saver

32 HPLC Hematocrita) Age: <6 yr
Iohexol IV (647 mg/mL)

Median (range) reference GFR 65 (6–122) mL/
min/1.73 m2; 2, 3, and 4-point blood spot GFR: 
R=0.947, R=0.945, and R=0.937, respectively

Diagnostic accuracy for 2-point blood spot: 
87.5% and 96.9±15% (P15) and 96.9±30% 
(P30) of the reference GFR respectively

GFR <60 mL/min/1.73 m2, P15 and P30 
accuracy 100%

 Wang [68] VB, CB (3 points) 45 Not 
reported

Not reported Pediatric patients 
with chronic kidney 
disease

R=0.958
Bias 4.26±9.06 mL/min/1.73 m²

 Luis-Lima [69] VB, CB (7 points)
Whatman 903

203 HPLC Volumec) Mean age: 57.3±15.3 yr
Mean GFR: 63.6±34.8 

mL/min

Capillary blood on card: total deviation 
index=26%

Blood pipetted on card: total deviation 
index=13%

In vivo studies: deviation index=9.5%
 Staples [42] VB, CB (4 points)

Schleicher & 
Schuell Grade 
903

41 HPLC Analysis: <5 hr
Hematocritd)

Age: 1–21 yr
Iohexol IV (647 mg/mL)
Mean creatinine: 

1.13±0.45 mg/dL

Correlation between the DBS and 2-point 
venous GFR: R=0.95

2-point GFR±10% 4-point GFR: 94%
DBS GFR±10%  2-point GFR: 80%

Iothalamate
 Hagan [53] VB (6 points) 10 HPLC Analysis: <5 hr Mean age: 65.2±13.4 yr Regression: slope of 0.95 (95% CI, 0.82–1.17)

Whatman 903 
Protein Saver

Hematocritc) Mean GFR: 33.4±10.1 
mL/min/1.73 m2

BA: bias (LA) 2 mL/min (–6 to 10 mL/min)
Precision (% coefficient of variation): 3.2%–

13.3%
Accuracy (% error): 1.3%–3.7%

DBS, dried blood spots; VB, venous blood; CB, capillary blood; HPLC, high-performance liquid chromatography; SD, standard deviation; IV, 
intravenous; GFR, glomerular filtration rate; BA, Bland-Altman; R, Pearson correlation coefficient; CI, confidence interval; LA, limits of agreement.
a)Concentration corrected according to a mathematical equation. b)Absence or c)presence of different statistics in marker oncentrations 
according to variations in the assessed parameters. d)Lowest influence or undefined variations in the assessed parameters.

organ rejection due to treatment nonadherence among trans-

plant recipients make it essential to search for a simpler and 

less invasive method of drug therapy monitoring [78]. 

Final considerations 

Although the early detection of kidney disease through simple 

and accurate identification of biomarkers is essential, it has 

been explored by few studies. The studies in this review found 

DBS to be a promising alternative for quantifying the main bio-

markers of kidney diseases, but sources of variability should be 

considered separately for each analyte. Practical applications 

should follow strict validation protocols that contain infor-

mation about sample type, card type, volume, temperature, 
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humidity, and hematocrit parameters. Moreover, the assess-

ment should include control subjects to ensure quality. Finally, 

future research should include expressive samples of patients 

at different stages of kidney disease and report information on 

clinical parameters. 
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Introduction 

Nocturnal enuresis (NE) is identified as intermittent inconti-

nence that occurs exclusively during sleeping periods [1]. The 

prevalence of NE has been reported to be about 5.6% among 

children aged 5 to 13 years [2]. Although NE is neither fatal nor 

life-threatening, it does present a significant risk of psychoso-
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cial depression in patients and families, and thus, immediate, 

adequate treatment is required [3]. 

The three main mechanisms in the pathophysiology of en-

uresis are excessive nocturnal urine production, low bladder 

capacity or increased detrusor activity, and arousal impair-

ment [4]. Recent studies found much higher urine volumes and 

much lower osmolality values in children with NE compared to 
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the normal population. The findings were related to the disrup-

tion of vasopressin [5,6]. The children with NE with preserved 

bladder storage function have reduced urine-concentrating 

ability during the night due to a lack of an arginine vasopressin 

(AVP) effect [5]. 

Urine osmolality (Uosm) provides a measure of the number 

of dissolved molecules in urine per unit of water and urine con-

centration. Uosm is more accurate than specific gravity and can 

be used to diagnose a variety of urinary concentration-associ-

ated disorders [7]. In several studies, Uosm was used instead of 

plasma AVP concentrations because Uosm can provide infor-

mation on AVP [8-10]. Due to methodological difficulties that 

make urine collection from enuresis episodes a particularly de-

manding task, nocturnal urine output has previously been ap-

proximated through first-morning urine in patients with NE [11]. 

In addition, measuring Uosm is a simple, non-invasive, routine, 

and low-cost test that may help guide the optimal treatment of 

NE [12]. 

Several previous studies reported a relationship between 

nocturnal urinary concentrating ability and NE [5,13,14], but no 

study has investigated how much urinary concentrating ability, 

especially first-morning Uosm, improves after treating NE pa-

tients with low nocturnal urinary concentrating ability. In our 

previous study, we found that a significantly higher percentage 

of NE patients who have low first-morning Uosm had a re-

sponse rate of ≥50% at 1 month and 3 months [6]. With an inter-

esting result, we investigated further the relationship between 

first-morning Uosm and NE. Finally, the aim of our study was 

to investigate the response rate of NE treatment according to 

first-morning Uosm before treatment and first-morning Uosm 

changes at the end of treatment compared to before treatment 

in children with NE. 

Methods 

Data acquisition 

After obtaining approval from the Institutional Review Board of 

Pusan National University Yangsan Hospital (IRB No. 05-2023-

032), a retrospective chart review was performed on the pro-

spective cohort data of all children who underwent treatment 

for NE at our institution from September 2019 to May 2022. Sev-

enty-one children with NE (>3 times/wk) with measurements 

of the first-morning Uosm before treatment and at the end of 

treatment were included in this study. Patients diagnosed with 

organic causes, such as congenital urinary tract anomalies, 

congenital or acquired neurologic disorders, urinary tract in-

fections, or spinal bifida occulta, were excluded. 

Patient evaluation before treatment 

All patients completed a questionnaire and a 48-hour frequen-

cy/volume (48-h F/V) chart. The questionnaire included items 

on medical history and urinary symptoms, including frequen-

cy, daytime incontinence, urgency, urge incontinence, holding 

maneuver, and dysfunctional voiding scoring system (DVSS) 

score. The questionnaire responses and 48-h F/V chart find-

ings were used to confirm the presence of lower urinary tract 

symptoms (LUTS). Constipation was evaluated using the Leech 

scores of abdominal X-ray findings for all patients [15].  

First-morning urine collection 

First-morning urine samples were collected twice from all 

patients, on the second hospital visit and the final hospital visit 

at the end of treatment. Patients and parents were instructed 

to collect first-morning samples in the plastic cups provided 

and to keep them refrigerated at 4 °C. Samples were evaluated 

promptly upon arrival at the hospital.  

Patient analysis 

The 71 patients were divided into two groups according to 

first-morning Uosm values before treatment: (1) the high group, 

with a first-morning Uosm of ≥800 mOsm/kg, and (2) the low 

group, with a first-morning Uosm of <800 mOsm/kg before 

treatment. Our previous study, which divided the groups based 

on 800 mOsm, showed significant results, so we divided the 

groups as before [6]. Daytime maximum voided volume (VV), 

first-morning VV, and total urine volume were obtained from 

48-h F/V charts. Uroflowmetry (UFM) and post-void residual 

volume (PVR) findings, maximum flow rates (Qmax), VV, aver-

age flow rate (Qave), and PVRs were also analyzed. 

Treatment and response rate 

Following the before-treatment evaluations of patient charac-

teristics, 48-h F/V charts, UFM and PVR, standard urotherapy, 

and pharmacological therapy were provided in accordance 

with International Children’s Continence Society (ICCS) rec-

ommendations. Standard urotherapy included an introduction 

to LUTS treatment and lifestyle modifications (balanced fluid 

intake, restriction of nighttime fluid intake, timed bladder and 

bowel emptying, and optimal posture during voiding). In this 

study, the alarm treatment, also known as first-line treatment, 
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was applied in cases that did not respond to pharmacological 

therapy. 

Primary pharmacological therapy included desmopressin 

(1-desamino-8-D-arginine vasopressin, dDAVP), propiverine, 

and/or imipramine. All patients were treated with desmopres-

sin 120 μg at first. The desmopressin dose was increased or de-

creased (60 μg or 240 μg) depending on the patient's response 

to the agent. If there was no response (NR) to desmopressin, 

propiverine or imipramine was added short-term as needed. 

These drugs were used based on consideration of symptom 

severity, the presence of any other LUTS, a history of bladder 

dysfunction. 

The response rates were assessed at 3 months and at the end 

of treatment. The response rate was calculated as a percentage 

of the reduced rate of current enuresis events compared to the 

initial enuresis event [response rate=100×(number of initial 

enuresis event per week–number of current enuresis event per 

week)/number of initial enuresis event per week]. The patients 

were categorized into three groups according to ICCS recom-

mendations: complete response (CR), partial response (PR), or 

NR groups. CR was defined as a 100% reduction in enuresis. PR 

was defined as a 50% to 99% reduction in enuresis, and NR was 

defined as a <50% reduction in enuresis (Fig. 1). 

End of treatment 

Pharmacological therapy was terminated when the child 

showed consistent findings of CR. In PR, treatment was termi-

nated when the patients felt satisfied. In NR, treatment was con-

tinued as long as the patient reported subjective improvement. 

And treatment was terminated when there was no further 

benefit. At the end of treatment, the patients were maintained 

on urotherapy alone without pharmacological therapy. The 

Nocturnal enuresis (NE)

Evaluate response rate (at 3 mo of treatment)

Add on imipramine

Desmopressin + propiverineDesmopressin

Partial response No responseComplete response

Patients felt satisfied due to subjective 
improvement

Standard urotherapy continuation and pharmacological therapy tapering → Treatment termination

Patient felt dissatisfied

Evaluate response-rate and first morning urine osmolality (at the end of treatment)

No further benefit

Treatment continue

Patient felt subjective 
improvement

Monosymptomatic NE

Pharmacological therapy

Nonmonosymptomatic NE

Standard urotherapy
• Balanced fluid intake
• Restriction of nighttime fluid intake
• Timed bladder and bowel emptying
• Optimal posture during voiding

No complete response

Fig. 1. NE treatment algorithm.
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Table 1. Patients characteristics at first visit

Characteristic High group Low group Total P-value
No. of patients 36 (50.7) 35 (49.3) 71 (100)
Male sex 14 (38.9) 24 (68.6) 38 (53.5) 0.025
Age (mo) 81.9±18.8 93.4±28.0 87.6±24.3 0.092
 Range 52–122 57–168
Height (cm) 120.2±12.1 127.0±15.7 123.6±14.3 0.064
Weight (kg) 26.3±8.35 31.9±16.7 29.0±13.3 0.238
Body mass index (kg/m2) 17.8±2.72 18.8±5.58 18.3±4.37 0.899
Follow-up period (mo) 12.9±5.44 11.7±6.15 12.3±5.79 0.348
Random urine specific gravity 1.021±0.008 1.018±0.008 1.019±0.008 0.095
First-morning Uosm (mOsm/kg) 1,003±124 587±147 798±249 <0.001
Constipation on KUB 11 (30.6) 12 (34.3) 23 (32.4) 0.739
Enuresis frequency (times/wk) 4.46±2.05 3.97±2.18 4.22±2.11 0.392
Frequency 6 (16.7) 5 (14.3) 11 (15.5) 0.703
Daytime incontinence 12 (33.3) 11 (31.4) 23 (32.4) 0.853
Urgency 16 (44.4) 16 (45.7) 32 (45.1) 0.908
Urge incontinence 7 (19.4) 6 (17.1) 13 (18.3) 0.950
Holding maneuver 10 (27.8) 14 (40.0) 24 (33.8) 0.357
DVSS score sum 3.36±3.46 4.13±4.23 3.74±3.85 0.464

Values are presented as number (%) or mean±standard deviation.
Uosm, urine osmolality; KUB, kidney, ureter, and bladder X-ray; DVSS, dysfunctional voiding scoring system.

first-morning Uosm at the last visit was re-examined and com-

pared with the first-morning Uosm before treatment (Fig. 1).  

Statistical analysis  

SPSS version 27 (IBM Corp.) was used for the statistical analyses. 

P-values of <0.05 were considered statistically significant. Con-

tinuous variables were analyzed using the Student t-test and 

the Mann-Whitney U test. Categorical variables were analyzed 

using the Pearson chi-square test and Fisher exact test. 

Results 

Patient characteristics at the first visit 

There were no differences in patient characteristics, including 

age, height, weight, body mass index, follow-up period, con-

stipation, and enuresis frequency, at the first visit between the 

two groups except for sex (P=0.025) (Table 1). There were also no 

differences in LUTS, such as urine frequency, urgency, daytime 

incontinence, urge incontinence, holding maneuver, and DVSS 

scores, between the two groups (Table 1). In the 48-h F/V chart, 

the first-morning VV and total urine volume in the low group 

were significantly higher than in the high group (P=0.049 and 

P=0.024, respectively). In the UFM test, there was no difference 

between the two groups in Qmax, VV, delay time, flow time, 

voiding time, and flow index, except for Qave (P=0.015). There 

was also no difference between the two groups in PVR (Table 2). 

Treatment outcomes 

Enuresis frequency improved with treatment in both groups. 

Enuresis frequency in the low group was relatively lower at 3 

months of treatment than in the high group (0.73±1.10 times/wk 

vs. 1.33±1.47 times/wk, P=0.027) (Fig. 2). However, these enuresis 

frequencies were not different between the groups at the end of 

treatment (0.89±1.93 times/wk vs. 0.49±0.75 times/wk, P=0.815) 

(Fig. 2). In the low group, enuresis frequency was not different 

between 3 months and the end of treatment (Fig. 2). The re-

sponse rate was higher in the low group at 3 months of treat-

ment than in the high group (82.2%±22.0% vs. 66.0% ±34.0%, 

P=0.041) (Table 3). However, there was no difference between the 

two groups at the end of the treatment. Moreover, at the end of 

treatment, there was no significant difference between the two 

groups in the number of patients with CR, PR, and NR (Table 3). 

Changes in first-morning Uosm at the end of treatment 

In the high group, the first-morning Uosm at the end of treat-

ment did not show a significant change compared to before 

treatment. In contrast, the first-morning Uosm at the end of 

treatment was increased in the low group compared to be-

fore treatment (586.8±147.2 mOsm/kg vs. 780.2±249.1 mOsm/

kg, P<0.001). However, the first-morning Uosm at the end of 
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Table 2. Frequency volume chart and uroflowmetry

Characteristic High group low group Total P-value
No. of patients 36 (50.7) 35 (49.3) 71 (100)
Frequency volume chart
 Daytime maximum VV (mL/time) 150.1±59.3 185.0±117.9 167.0±93.5 0.168
 First-morning VV (mL/time) 130.5±78.9 180.2±110.4 154.6±97.9 0.049
 Total urine volume (mL) 558.0±290.0 742.7±385.0 646.4±348.8 0.024
 Urgency 11 (30.6) 9 (25.7) 20 (28.2)
Uroflowmetry
 Qave (mL/sec) 10.5±3.95 13.0±4.79 11.7±4.54 0.015
 Qmax (mL/sec) 16.9±5.77 20.2±7.88 18.5±7.03 0.058
 VV (mL) 137.0±52.6 164.5±111.1 150.5±87.0 0.791
 Delay time (sec) 11.4±7.53 14.3±14.0 12.8±11.2 0.730
 Flow time (sec) 14.3±8.84 12.2±6.30 13.3±7.71 0.269
 Voiding time (sec) 15.3±9.01 13.1±7.14 14.2±8.16 0.138
 Flow index 0.84±0.27 0.92±0.23 0.88±0.25 0.080
Post-void residual volume (mL) 10.8±12.8 16.7±42.1 13.7±30.9 0.669

Values are presented as number (%) or mean±standard deviation.
VV, voided volume; Qave, average flow rate; Qmax, maximum flow rates.

Fig. 2. Improvement of enuresis frequency at 3 months of treatment and at the end of treatment. *P<0.05.
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Fig. 3. Change of first-morning urine osmolality (Uosm) before treatment and at the end of treatment. ***P<0.001.
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Table 3. Treatment outcome

Outcome High group Low group Total P-value
No. of patients 36 (50.7) 35 (49.3) 71 (100)
Response rate (%)
 At 3 mo/before frequency 66.0±34.0 82.2±22.0 73.2±30.0 0.041
 At the end/before frequency 86.0±16.7 82.3±28.8 84.0±24.4 0.751
Difference of response rate between 3 mo and the end, P-value 0.003 0.452 0.008
Response 0.557
 CR 21 (58.3) 16 (45.7) 37 (52.1)
 PR 12 (33.3) 15 (42.9) 27 (38.0)
 CR+PR 33 (91.7) 31 (88.6) 64 (90.1)
 NR 3 (8.33) 4 (11.4) 7 (9.86)

Values are presented as number (%) or mean±standard deviation.
CR, complete response; PR, partial response; NR, no response.

treatment in the low group was lower than in the high group 

(780.2±249.1 vs. 926.9±190.4, P=0.007) (Fig. 3). Therefore, Uosm 

in the low group did not reach the Uosm level in the high group 

at the end of NE treatment. 

Discussion 

In our study, Uosm increased after treatment. The first-morn-

ing Uosm in the low group increased at the end of treatment 

(586.8±147.2 mOsm/kg vs. 780.2±249.1 mOsm/kg, P<0.001). 

This study was the first to investigate changes by measuring 

first-morning Uosm before treatment and at the end of treat-

ment. In our study, the response rate of the low group was 

better at 3 months of treatment than that of the high group. 

Also, enuresis frequency in the low group improved more at 

3 months of treatment than in the high group. At the end of 

treatment, the first-morning Uosm increased in the low group. 

This means that improvements in excessive nocturnal urine 

production, one of the causes of NE, can be predicted through 

first-morning Uosm before treatment. Predicting and evaluat-

ing treatment response at 3 months of treatment is important 

because treatment adherence is better when short-term treat-

ment effects are good.  

It is well known that a low ability to concentrate nocturnal 

urine is one of the main mechanisms of NE. Several studies 

have investigated Uosm as a predictor of NE treatment, but 

the results have been contradictory [7,8]. Dehoorne et al. [13] 

described 42 children with monosymptomatic NE (MNE) and 

night polyuria with high Uosm (>850 mmol/L) not responding 

to intranasal dDAVP. Thus, nocturnal polyuria with high urinary 

osmolality with desmopressin-resistant MNE is related to ab-

normally increased osmotic excretion. In a study of 67 children 

with enuresis, Sozubir et al. [14] reported a significantly higher 

number of responders to dDAVP treatment when the Uosm 

value was <800 mOsm/kg. In their study, lower spot Uosm was 

the only statistically significant predictor of the desmopressin 

response. A study by Neveus et al. [5] that included 12 children 

with enuresis reported a significantly lower baseline Uosm 

(553±134 mOsm/kg) in dDAVP responders compared to non-re-

sponders (920±226 mOsm/kg). 

However, Unuvar and Sonmez [16] in a study of 55 NE chil-

dren and 15 healthy children between the ages of 5 and 15 years 

investigating Uosm in both daytime and nighttime urine, re-

ported that pretreatment urine volume osmolality values were 

not predictive factors of response to desmopressin or condi-

tioning therapy. A study of 35 children with enuresis by Eller et 

al. [8] reported that 27 children demonstrated a CR to desmo-

pressin treatment at doses of 10–30 μg. However, spot Uosm 

values were not predictive of the desmopressin response. Urine 

samples were collected at home at times that would best re-

flect fluctuations in plasma vasopressin levels (8:00, 16:00, and 

22:00) [8]. In a study by Folwell et al. in 31 NE patients [17], the 

mean and peak Uosm of the morning urine samples showed 

no difference while on treatment with dDAVP compared to pla-

cebo. They suggested that early morning Uosm, as a reflection 

of changes in nocturnal osmolality, was not useful in selecting 

patients who would respond to treatment. Medel et al. [18] in-

vestigated seven healthy children, six primary NE children who 

were desmopressin responders, and five primary NE children 

who were desmopressin non-responders. They found no sig-

nificant difference in mean Uosm at night (from midnight to 

8:00 AM). Therefore, they suggested that baseline Uosm was 

not a significant predictor of response to dDAVP therapy. 

In our study, baseline Uosm was a significant predictor of re-
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sponse to treatment. Especially at 3 months of treatment, chil-

dren with low Uosm showed low enuresis frequency (1.33±1.47 

times/wk vs. 0.73±1.10 times/wk, P=0.027) and a high response 

rate (66.0%±34.0% vs. 82.2%±22.0%, P=0.041). However, there 

was no difference at the end of the treatment. The interesting 

result was that the Uosm range was very wide for each person. 

In our study, the children’s first-morning Uosm range was 

160–1,261 mOsm/kg (mean, 797.7 mOsm/kg). Despite treatment 

with dDAVP, not all children showed an increase in Uosm, and 

some children had decreased Uosm at the end of treatment. 

Several reasons can be considered as the causes of this varia-

tion. First, the first-morning urine in our study did not reflect all 

urine that occurred at night. Unlike other studies that collected 

all urine from midnight to 8:00 AM, our study did not collect 

all urine that occurred at night. Since night leaks were not col-

lected, the time at which the first-morning urine was produced 

may have varied from child to child. Second, the collection time 

of the first-morning urine also varied from child to child. The 

time to collect the first-morning urine could be different, de-

pending on the waking time of the child. These issues may have 

caused unexpected biases. Nevertheless, there is a lot of infor-

mation available in first-morning urine, and the advantages of 

a simple, non-invasive, and low-cost test are clear. Therefore, it 

is meaningful to predict the treatment outcome of NE through 

the first-morning urine in clinical practice. 

The guidelines published by the ICCS in 2011 recommend 

the use of an enuresis alarm or desmopressin, a vasopressin 

analog, as the standard treatment for MNE and are particu-

larly recommended for patients with nocturnal polyuria [19]. 

Desmopressin is an efficient and safe treatment for primary 

MNE, with a reported success rate of 70% to 75% [16]. One of the 

major actions of desmopressin is to reduce the volume of urine 

produced overnight to within normal limits [20]. Desmopres-

sin acts on the V2 receptors of the distal tubules and collecting 

tubules of the kidney, leading to urine concentration and de-

creased urine volume through the water channel aquaporin 2 

[21]. Moreover, desmopressin positively influences the abun-

dance of key sodium transporters in the thick ascending limb 

and collecting duct. Such an effect appears reasonable as part 

of the mechanism responsible for the buildup of the medullary 

osmotic gradient, the driving force for water reabsorption. [22]. 

Few studies have observed changes in Uosm after treatment 

with dDAVP. Kamperis et al. [22] reported that Uosm increased 

significantly at night only after the administration of dDAVP 

in a group with nocturnal polyuria (from 559±70 mOsm/kg to 

876±39 mOsm/kg, P<0.001), whereas no significant changes 

were observed in the controls. This study showed changes 

in Uosm during one night. In one Korean study, Uosm in the 

dDAVP-complete responder group was lower than that of the 

non-responder group before treatment (461.2±192.7 mmol/

L vs. 773.5±235.8 mmol/L). Moreover, 2 weeks after starting 

treatment, Uosm in the dDAVP-complete responder group was 

significantly increased (from 461.2±192.7 to 591.2±159.8 mmol/

L) [23]. Since these two studies investigated Uosm during treat-

ment, there is a limitation that the changes in Uosm at the end 

of treatment are not known. 

A limitation of this study is that it was a single-center, retro-

spective study, and the number of patients was limited. In the 

future, a large-scale prospective study should be performed. 

In conclusion, the ability to concentrate nocturnal urine im-

proved at the end of treatment compared to before treatment 

in the low Uosm NE children. NE improved faster in the low 

Uosm group before treatment than in the high group. However, 

there was no difference in the treatment effect between the two 

groups at the end of treatment. In the low group, first-morning 

Uosm increased after treatment, but it did not reach the level in 

the high group. 
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Introduction 

Urinary tract infections (UTIs) are the most common serious 

bacterial infection in children, with 8.4% of girls and 1.7% of boys 

experiencing a UTI before age 6 [1]. UTIs account for 5% to 10% 

of febrile diseases in children younger than 24 months, and the 

recurrence rate is known to be 10% to 30% [2]. Recurrent UTIs 

increase the risk of kidney scarring, which is associated with 

hypertension in about 10% of pediatric patients and with dialy-
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Purpose: Recurrent urinary tract infections (UTIs) in children is a major challenge for pediatricians. This study was designed to 
investigate the risk factors for recurrent UTIs and determine the association between recurrent UTIs and clinical findings, in-
cluding growth patterns in infants and children younger than 24 months of age.
Methods: We retrospectively reviewed the medical records of 147 patients <24 months of age with UTIs who were hospitalized 
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ciated with the development of recurrent UTIs (all P<0.05). However, in the multivariable analysis, only the presence of hydrone-
phrosis and prophylactic antibiotic use were independently related to UTI recurrence (P<0.05).
Conclusions: The presence of hydronephrosis at the first UTI can be helpful for predicting UTI recurrence in young children aged 
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sis and transplantation in approximately 20% [3]. Given that the 

symptoms and signs of UTI, except for fever, do not appear well 

in children under 2 years of age [4], many studies have tried to 

identify the risk factors for UTI, as it is important to quickly rec-

ognize these factors and prevent UTI recurrence. 

In the pediatric population, young age, sex, vesicoureteral 

reflux (VUR), and bladder bowel dysfunction have received at-

tention as important risk factors for recurrent UTIs [5-9]. In a 

multicenter prospective cohort study of 500 pediatric patients 
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aged 2 months to less than 6 years, the rate of recurrent UTIs 

was 25.4% in those with VUR and 17.3% in those without VUR. 

The probability of UTI recurrence was the highest if the VUR 

stage was 3 or higher, at 28.9% [5]. According to a study by Park 

et al. [6], younger age at the first UTI, bilateral VUR, grade 4–5 

VUR, and hydronephrosis on the initial ultrasonography signifi-

cantly increased the risk of UTI recurrence. Although the use of 

prophylactic antibiotics is recommended for children with VUR 

[7], whether these prophylactic antibiotics prevent UTI is un-

clear [8]. Craig et al [9]. reported that long-term, low-dose tri-

methoprim-sulfamethoxazole was associated with a decrease 

in the number of UTIs in pediatric patients. However, other 

studies reported that it was not related and only increased the 

risk of resistant bacteria [10]. Obesity has recently become a 

more serious and global public health problem [11], but many 

studies have shown that being underweight also increases 

the risk of infection. An analysis of 1,747 patients who visited 

the emergency room at the University of Oklahoma Children's 

Hospital found that underweight patients had more hospital 

visits, experienced respiratory diseases more often, and had a 

higher incidence of fractures than normal and overweight pa-

tients [12]. Also, in the United States, underweight children aged 

2 to 19 years reported increased rates of surgical site infections 

following orthopedic surgery [13]. Host resistance to a UTI, 

especially in the acute phase, is highly dependent on innate 

immunity [14]. The innate immune system plays an essential 

role in the prevention of recurrent and invasive UTIs, and irre-

versible parenchymal tissue damage can occur if this system 

does not work properly [15]. An investigation of 48 types of se-

rum cytokines and growth factors in female patients aged 18 to 

49 without underlying diseases at a single center in the United 

States reported that factors required for the development and 

differentiation of monocytes, macrophages, and neutrophils 

were increased in patients with recurrent UTIs [16]. In another 

study of patients aged 6 months to less than 21 years, the medi-

an urinary neutrophil gelatinase-associated lipocalin (NGAL) 

level in patients with recurrent UTIs was 15 ng/mL, which was 

significantly lower than that in the control group of healthy 

children, at 30 ng/mL [17]. 

In this study, we hypothesized that abnormal growth trajecto-

ries in young infants might be associated with suppressed im-

mune responses and enhanced bacterial vulnerability, namely, 

UTI recurrence. Therefore, we aimed to identify risk factors for 

recurrent UTIs, determine whether abnormal growth patterns 

were related to recurrent UTIs, and compare host inflammato-

ry responses between patients with recurrent UTIs and those 

with a single UTI episode. 

Subjects and Methods 

Patient characteristics and inclusion criteria 

This was a retrospective observational study of patients who 

were hospitalized in the Department of Pediatrics and Adoles-

cents at Korea University Ansan Hospital from August 21, 2018, 

to October 20, 2021, for UTIs. Among them, patients aged 0 to 

24 months who were first diagnosed with a UTI and followed up 

for more than 6 months in an outpatient setting were included. 

The diagnosis of a first UTI was as follows: (1) hospitalized for 

febrile UTI, fever (≥38 °C); (2) positive results on urinalysis for 

pyuria (≥5 white blood cells [WBCs] per high-power field) or 

nitrate; and (3) a positive urine culture collected from a cath-

eterized specimen (defined as the growth of a single bacterial 

type to ≥50,000 colony-forming units/mL), and (4) no previous 

history of UTI. A single UTI was defined as no reinfection within 

12 months after the onset of the first UTI. Patients who had 2 

or more UTIs within 12 months were included in the recurrent 

UTI group. Reinfection was defined as infection with either the 

same bacteria as earlier or a different type of bacteria following 

a negative bacterial culture after treatment for a previous UTI. 

Patients were excluded if they satisfied any of the following 

conditions: (1) acute kidney injury, (2) chronic kidney disease, (3) 

underlying systemic disease, or (4) congenital anomalies of the 

kidney and urinary tract except for VUR and/or hydronephrosis 

(Fig. 1). Patients with systemic diseases, including pulmonary 

Fig. 1. Study flow diagram. UTI, urinary tract infection; CAKUT, 
congenital anomalies of the kidney and the urinary tract; VUR, 
vesicoureteral reflux.

257 Patients with UTI and follow-up for more than 6 mo,  
between April 2018 and June 2021

90 Patients with a single episode of UTI  
57 Patients with recurrent UTIs

110 Exclusion
• Acute kidney injury
• Chronic kidney disease
• Systemic diseases
• CAKUT except VUR and/or hydronephrosis
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atresia with ventricular septal defect, metabolic disease, chron-

ic respiratory failure, viral infections, and others, were excluded. 

Grades 1 to 3 of VUR were assigned to the low grade category, 

and grades 4 and 5 were assigned to the high grade. Prophy-

lactic antibiotics were used in cases with high grade VUR and 

acute pyelonephritis (APN) after the initial UTI. Patients were 

defined to have APN if the uptake of 99mTc-dimercaptosuccinic 

acid (DMSA) at 1–5 mCi was decreased in focal, multifocal, or 

diffuse areas due to defects in the kidney cortex [18,19]. Hydro-

nephrosis was defined as dilatation and distension of the kid-

ney collecting system of one or both kidneys, and the radiology 

department at our hospital uses the Society for Fetal Urology 

system to define it [20]. All data were obtained based on the 

ethical principles for medical research in human subjects es-

tablished in the Declaration of Helsinki in 1975 and revised in 

2000. 

Measurements and laboratory assessments 

The growth chart for children and adolescents in 2017 [21] was 

used to determine weight-for-length (WFL) percentiles. Clinical 

data, including host and immunological factors, imaging data, 

and growth patterns, were investigated in the single UTI group 

and the recurrent group. Clinical information on birth weight, 

prenatal ultrasonography abnormalities, and previous UTI 

episodes was obtained by questionnaires and medical chart re-

view. WFL was calculated by examining body weight and height 

at the time of hospitalization for the first UTI. The same was 

done in the case of recurrence. The weight percentiles of the 

single UTI group and the recurrent UTI group were compared at 

the time of admission and after 3 months and 6 months. In ad-

dition, to compare the innate immune system, WBCs, the neu-

trophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte 

ratio (MLR), platelets (PLTs), platelet-to-lymphocyte ratio (PLR), 

C-reactive protein (CRP), urinary, and plasma NGAL levels of the 

two groups were compared at admission and discharge. Urine 

samples were obtained through urethral catheterization. Kid-

ney ultrasonography and initial DMSA scans were performed at 

the time of the UTI diagnosis. Voiding cystourethrography was 

performed if APN or hydronephrosis was present on kidney ul-

trasonography or if APN was diagnosed on renal DMSA scan. 

Statistical analysis 

All analyses were conducted using R statistical software (ver-

sion 4.3.0; The R Foundation). For comparison between the two 

groups, the Mann-Whitney U test or two-sample t-test was 

used for continuous variables, and the Pearson chi-square test 

or Fisher exact test was used for categorical variables. Contin-

uous variables are presented as the mean ± standard deviation 

or standard error of the mean. Categorical variables are pre-

sented as numbers (%). A paired t-test or signed rank test was 

used to compare weight and weight percentiles in each group, 

and a two-sample test or the Mann-Whitney U test was used 

to compare weight and weight percentiles between the two 

groups. Inflammatory responses at admission and discharge 

were compared in the single and recurrent UTI groups us-

ing the Mann-Whitney U test. Univariable logistic regression 

analysis was performed to analyze variables associated with 

UTI recurrence. Parameters associated with UTI recurrence in 

univariable logistic regression analysis (P<0.05) were included 

in a multivariable logistic regression analysis. However, among 

them, VUR was excluded from the multivariable analysis be-

cause it was identified as a multicollinearity suspected variable  

when checking the variance inflation factor. In all statistical 

analyses, a P-value of <0.05 was considered significant.  

Results

Patient demographics 

Out of 257 patients who were diagnosed with a first UTI and 

underwent outpatient treatment for more than 6 months, 110 

patients were excluded, 90 patients were included in the sin-

gle UTI group, and 57 patients were included in the recurrent 

group (Fig. 1). In the recurrent group, the average WFL percen-

tile was lower, and the frequency of prophylactic antibiotic 

use was higher than those in the single UTI group (all P<0.05). 

There were differences in uropathogens between the two 

groups (P<0.05). Analysis with Pearson chi-square test with 

Yates continuity correction showed a difference between the 

Escherichia coli and non-E. coli groups. Both extended-spec-

trum β-lactamase-positive and -negative E. coli were included 

in the E. coli group. Klebsiella aerogenes, Enterococcus faecalis, 

and Enterobacter cloacae complex were identified in cases 

other than E. coli. Patients who visited our hospital after taking 

antibiotics because the bacteria were confirmed at another 

hospital were excluded from uropathogen variable because 

no bacteria were found in our hospital. Hydronephrosis, VUR, 

and hydronephrosis with VUR were significantly higher in the 

recurrent group than in the single UTI group (P<0.05). There 

were eight patients in the single UTI group and one patient in 

the recurrent UTI group who did not undergo voiding cystoure-
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thrography, so the total number of patients in these categories 

was 82 and 56, respectively. There were no differences between 

hemoglobin, WBC, PLT, CRP, urinary, or plasma NGAL levels in 

the two groups. Since our hospital is a tertiary hospital, patients 

usually come after a referral from a local hospital. Therefore, we 

included some cases where bacteria were not confirmed here 

because the patient took antibiotics for a UTI before coming to 

our hospital (Table 1). 

Comparison of growth pattern changes in single and recur-

rent UTI groups 

The mean weight percentile tended to decrease in both groups 

from the time of initial diagnosis to the 3-month and 6-month 

assessments in each group. Weight percentiles at 3 or 6 months 

after the initial UTI were not different between the two groups. 

However, weight percentile declines for 6 months after the first 

UTI diagnosis seemed to be more prominent in the recurrent 

UTI group compared to the single UTI group. Weight percentiles 

at 3 and 6 months were significantly reduced in the recurrent 

UTI group compared to the initial UTI (Table 2, Fig. 2A). Howev-

er, the WFL percentiles at the first and second UTI admissions 

were not different in the recurrent UTI group (Fig. 2B). 

Comparison of inflammatory responses in patients with sin-

gle and recurrent UTIs 

Inflammatory responses were compared at admission and 

discharge in the single and recurrent UTI groups. There were 

no differences in the WBC, NLR, MLR, PLT, PLR, CRP, urinary 

NGAL/creatinine (Cr), or plasma NGAL levels at admission and 

discharge between the two groups. Some statistical data were 

obtained by excluding people with missing values. Urinary 

NGAL/Cr was measured in 73 single UTI patients, and in 29 

recurrent UTI patients at admission and in 83 and 46 patients 

in each group at discharge. Plasma NGAL concentrations were 

determined in 88 and 46 patients, respectively, in each group at 

admission and in 83 and 47 patients in each group at discharge 

(Table 3). 

Univariable and multivariable logistic regression analyses of 

recurrent UTIs 

Univariable and multivariable logistic regression analyses were 

performed to test each parameter as an independent predic-

tor of UTI recurrence in the recurrent UTI group. Univariable 

logistic regression analysis showed that higher birth weight, 

lower WFL percentile, prophylactic antibiotic use, the presence 

Table 1. characteristics and clinical findings

Characteristic
Single UTI 

(n=90)
Recurrent 
UTI (n=57)

P-value

Age at first UTI diagnosis (mo) 3.79±3.15 3.25±3.52 0.094a)

Male sex 64 (71.1) 47 (82.5) 0.173b)

Prematurity 78 (86.7) 48 (84.2) 0.863b)

Birth weight (g) 3,134±562 3,350±645 0.116a)

Abnormal prenatal US 4 (4.44) 6 (10.5) 0.187c)

Weight (kg) 7.21±1.71 6.86±1.62 0.251a)

Weight percentile 78.3±24.8 80.5±22.8 0.507a)

Height (cm) 63.4±6.48 62.9±6.41 0.614a)

Height percentile 73.2±29.3 79.9±27.2 0.050a)

Weight-for-length percentile 72.7±22.0 63.9±26.1 0.043a)

Prophylactic antibiotic use 7 (7.78) 31 (54.4) <0.001b)

Uropathogensd) 0.021b)

 E. coli 80 (95.2) 46 (83.6)
 Non-E. coli 4 (4.76) 9 (16.4)
Hydronephrosis 5 (5.56) 19 (33.3) <0.001b)

VURe) 15 (18.3) 32 (57.1) <0.001b)

 Low gradef) 4 6
 High gradeg) 11 26
Hydronephrosis+VURe) 0 9 (15.8) <0.001c)

Acute pyelonephritis 51 (56.7) 42 (73.7) 0.056b)

Hb (g/dL) 10.8±1.08 10.9±1.27 0.572a)

WBC (/mm3) 15,485±6,548 15,725±5,264 0.383a)

PLT (103/mm3) 421±119 401±122 0.409a)

PLR 92.5±46.4 84.7±40.4 0.354a)

CRP (mg/L) 4.44±3.87 4.66±3.42 0.513a)

uNGAL (ng/mL) 562±820 610±877 0.996a)

uNGAL/Cr 52.9±131 43.4±55.6 0.838a)

pNGAL (mg/L) 134±126 171±165 0.218a)

BUN (mg/dL) 9.04±3.54 8.98±3.46 0.590a)

Cr (mg/dL) 0.54±2.71 0.26±0.06 0.321a)

Values are presented as mean±standard deviation or number (%).
UTI, urinary tract infection; US, ultrasonography; E. coli, Escherichia 
coli; VUR, vesicoureteral reflux; Hb, hemoglobin; WBC, white blood 
cell; PLT, platelet; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive 
protein; uNGAL, urine neutrophil gelatinase-associated lipocalin; Cr, 
creatinine; pNGAL, plasma neutrophil gelatinase-associated lipocalin; 
BUN, blood urea nitrogen.
a)Mann-Whitney U test. b)Pearson chi-square test with Yates' 
continuity correction. c)Fisher exact test for count data. d)The total 
number of people for this variable is 84 in the single UTI group and 
55 in the recurrent UTI group. e)The total number of people for these 
variables is 82 in the single UTI group and 56 in the recurrent UTI 
group. f)Low grade: 1 to 3 grade of VUR. g)High grade: 4 and 5 grade of 
VUR.

of hydronephrosis, VUR, APN, and non-E. coli infections were 

associated with UTI recurrence (all P<0.05). Multivariable logis-

tic regression analysis showed that the prophylactic antibiotic 

use (odds ratio [OR], 18.8; 95% confidence interval [CI], 3.04–116) 

and presence of hydronephrosis (OR, 16.8; 95% CI, 4.04–70.2) 
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Fig. 2. (A) Comparison of weight percentiles at 0, 3, and 6 months after the first UTI in the single and recurrent UTI groups. (B) Comparison of 
weight-for-length percentiles in the first and second episodes in the recurrent UTI group. UTI, urinary tract infection. *P<0.05, **P<0.01.

Table 2. Comparisons of weight percentiles of 0, 3, and 6 months after first UTI

First UTI After 3 mo After 6 mo Diffa) P-valuea) Diff b) P-valueb)

Single 78.4±24.9 76.4±24.2 75.5±24.8 –1.99±17.7 0.074c) –2.84±23.0 0.094c)

Recurrent 80.5±22.6 76.0±24.8 74.5±23.1 –4.51±14.2 0.010c) –5.93±17.4 0.012d)

P-value 0.244e) 0.212e)

UTI, urinary tract infection; Diff, differences.
a)First UTI vs. after 3 mo. b)First UTI vs. after 6 mo. c)Singed rank test. d)Paired t-test. e)Mann-Whitney test.

Table 3. Comparisons of inflammatory responses between the single and recurrent UTI groups

Variable
At admission At discharge

Single UTI  
(n=90)

Recurrent UTI 
(n=57)

P-valuea) Single UTI  
(n=90)

Recurrent UTI 
(n=56)

P-valuea)

WBC (/mm3) 15,485±6,548 15,725±5,264 0.383 8,483±2,214 8,111±2,313 0.374
NLR 1.74±1.21 1.74±1.03 0.706 0.31±0.16 0.35±0.24 0.538
MLR 0.37±0.21 0.32±0.17 0.139 0.15±0.14 0.16±0.08 0.087
PLT (103/mm3) 421±118 401±122 0.409 474±134 440±140 0.054
PLR 92.5±46.4 84.7±40.4 0.354 88.8±31.7 91.1±37.9 0.939
CRP (mg/L) 4.44±3.87 4.66±3.42 0.513 0.63±0.57 0.68±0.61 0.560
uNGAL/Cr 52.9±131 43.4±55.6 0.838 5.52±4.76 5.94±3.98 0.417
pNGAL (mg/L) 134±126 172±165 0.218 57.2±29.6 80.3±101 0.348

Values are presented as mean±standard deviation.
UTI, urinary tract infection; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLT, platelet; PLR, 
platelet -to-lymphocyte ratio; CRP, C-reactive protein; uNGAL, urine neutrophil gelatinase-associated lipocalin; Cr, creatinine; pNGAL, plasma 
neutrophil gelatinase-associated lipocalin.
a)Wilcoxon rank sum test (or Mann-Whitney test).

were significant predictors of UTI recurrence (P<0.05, respec-

tively). VUR was identified as a multicollinearity variable, so it 

was excluded from the multivariable analysis when checking 

the variance inflation factor (Table 4). 

Discussion 

This study aimed to investigate the risk factors for recurrent 

UTIs in young children and determine if there were differ-

ences in growth trajectories between patients with single and 

recurrent UTIs. When the single UTI group and the recurrent 
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Table 4. Univariable and multivariable logistic regression analyses for the recurrent UTI

Variable
Univariable Multivariable

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
First UTI age 0.95 (0.86–1.06) 0.334
Male sex 1.91 (0.84–4.34) 0.123
Abnormal prenatal US 2.53 (0.68–9.39) 0.166
Birth weight 1.00 (1.00–1.01) 0.040 1.00 (0.99–1.01) 0.286
WFL percentile 0.99 (0.97–1.00) 0.031 0.99 (0.97–1.01) 0.371
Prophylactic antibiotic use 14.1 (5.57–35.9) <0.001 18.8 (3.04–116) 0.002
Hydronephrosis   8.50 (2.95–24.5) <0.001 16.8 (4.04–70.2) <0.001
VUR 5.96 (2.76–12.9) <0.001
APN 2.14 (1.04–4.41) 0.039 0.98 (0.36–2.69) 0.967
Uropathogens
 Non-E. coli 3.91 (1.14–13.4) 0.030 0.88 (0.16–5.00) 0.889

UTI, urinary tract infection; CI, confidence interval; US, ultrasonography; WFL, weight-for-length; VUR, vesicoureteral reflux; APN, acute 
pyelonephritis; E. coli, Escherichia coli.

UTI group were compared, the recurrent UTI group had a low-

er WFL percentile and a higher proportion of hydronephrosis 

and/or VUR and prophylactic antibiotic use. While there were 

no differences in growth patterns for 6 months between the 

two groups, weight percentiles in the recurrent UTI group were 

significantly reduced at 3 and 6 months compared to initial 

UTI percentiles. The presence of hydronephrosis at the time of 

the first UTI and prophylactic antibiotic use after the initial UTI 

were found to be independently associated with recurrent UTIs 

in children aged <24 months. 

Many studies have already reported that VUR [5,8,10] and 

prenatal hydronephrosis [22] are associated with recurrent 

UTIs. In a study of 290 children under 5 years of age, recurrent 

UTIs were associated with kidney defects [8], and UTI recur-

rence could be predicted in infants under 3 months old when 

they were infected with bacteria other than E. coli at the time of 

their first febrile UTI [23]. In addition, non-E. coli UTI in the first 

febrile UTI may be useful in predicting imaging abnormalities 

[23,24]. While we also found that the presence of hydrone-

phrosis, APN, VUR, and non-E. coli infections were associated 

with UTI recurrence, of them, only hydronephrosis was an 

independent risk factor. Since transient, prenatal, refluxing, 

and non-refluxing hydronephrosis were all included in our 

category of patients with hydronephrosis, the causal relation-

ship between congenital or refluxing hydronephrosis and UTI 

recurrence remains unclear. However, the existence of hydro-

nephrosis itself with or without VUR at the first UTI diagnosis 

might predict UTI recurrence in children aged <24 months old. 

To the authors’ knowledge, this was the first finding that young 

children with hydronephrosis at the first UTI diagnosis were at 

a higher risk of developing recurrent UTIs. 

A paper reviewing recurrent UTI studies found that, although 

controversial, the effectiveness of prophylactic antibiotic thera-

py was not significant and could even increase the risk of recur-

rence [2]. Conway et al. [10] found that prophylactic antibiotic 

use was not associated with a reduced risk of recurrent UTIs but 

was associated with an increased risk of resistant infections. In 

the present study, the use of prophylactic antibiotics was found 

to be a factor related to recurrent UTIs, which may be because 

more patients with reflux were included in the recurrence 

group (57.1%) compared to the single UTI group (18.3%). Multi-

variable analysis showed that antibiotic prophylaxis was an in-

dependent risk factor for recurrence. Therefore, the advantages 

of continuous antibiotic prophylaxis to prevent recurrence in 

children after the first UTI may be limited in young children. 

However, there is a need for more randomized controlled tri-

als evaluating the benefits and/or harms of using prophylactic 

antibiotics in children with UTIs with VUR for a longer period of 

time. 

Our previous paper [25] using Korean National Health 

Screening data and National Health Insurance Service data 

showed that the risk of UTIs and APN was higher in under-

weight boys aged 2 to 6 years compared to the normal weight 

group after adjusting for age, sex, birth weight, and preterm 

birth. In a prospective observational chart review study [12], 

children with underweight status (body mass index less than 

5%) had an increased risk of being admitted from the emer-

gency room, even after adjusting for age and sex, especially for 

respiratory infections and fractures. For many years, the World 

Health Organization Nutrition Department has been monitor-
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urinary NGAL values were reduced in patients with recurrent 

UTIs compared to the non-UTI group [17]. This suggests that 

the host defense system in recurrent UTI group may be more 

vulnerable. In addition, malnourished children have impaired 

cell-mediated immunity, phagocytic function, complement 

levels, and inadequate cytokine production, as well as atrophy 

of the lymph nodes, tonsils, and thymus, which may make them 

more susceptible to UTI [35]. CRP and total leukocyte counts, 

including absolute neutrophil count, are important indicators 

of acute bacterial infection [36]; NLR and MLR are effective in 

diagnosing bacterial infections in hospitalized patients with 

fever [37]. Neutrophils from recurrent UTI patients not only had 

significantly reduced bactericidal function but also reduced ac-

tivation ability compared to healthy controls. This reduction in 

neutrophil function results in incomplete bacterial clearance, 

which predisposes to recurrent infections [38]. In addition to 

their essential role in killing bacteria, activated neutrophils can 

cause extensive parenchymal damage in the infected urinary 

tract. Neutrophil-derived cyclooxygenase-2 is thought to be a 

factor causing inflammation associated with severe recurrent 

cystitis [16]. Neutrophils cause severe tubulointerstitial nephri-

tis in interleukin-8 receptor-deficient mice [39]. Monocytes 

and macrophages are highly suitable for regulating neutrophil 

function during UTI [40]. However, the host defense mecha-

nisms that prevent invasive bacterial infections are not fully 

elucidated [15]. In our study, host inflammatory responses 

related to WBC, NLR, MLR, CRP, and PLR did not differ between 

the two groups. This might be due to the fact that both innate 

and adaptive immune systems are relatively immature in early 

life and could mask the role of immune defenses in the sus-

ceptibility of young children to recurrent UTIs. It is also unclear 

whether other immune responses play a role in increased vul-

nerability to recurrent infections. Since we had a low number 

of patients, the results should be confirmed in a larger cohort of 

pediatric patients. 

This study had the following limitations. First, the study was 

conducted at a single institution, and the sample size was rel-

atively small. Second, this was a retrospective study. We used 

only general laboratory values, such as WBC, PLT, CRP, urinary 

NGAL/Cr, and plasma NGAL values, which were performed 

when children with UTIs were hospitalized. Underlying innate 

and adaptive immunity was not fully assessed in the present 

study. Because there was no data on height during the study 

period, it was not possible to compare WFL percentiles between 

the single UTI group and the recurrent group. Using only the 

ing trends in child malnutrition using anthropometric mea-

surements (e.g., weight and height) [26]. Underweight status is 

a direct indicator of chronic and acute malnutrition because it 

reflects both low height-for-age and low weight-for-age [26,27]. 

UTIs are more common in malnourished children than in 

well-nourished children, and the risk of UTIs increases with the 

severity of malnutrition [28]. In the present study, the recurrent 

UTI group had a lower WFL percentile than the single UTI group 

at the first UTI diagnosis. Weight-for-age percentile significant-

ly declined for 6 months  in the recurrent UTI group, while there 

were no differences in the single UTI group. More interestingly, 

higher birth weight and lower WFL percentile were related to 

UTI recurrence in univariable analysis. These findings suggest 

that children with abnormal growth patterns have a high risk 

of recurrent UTIs. However, large-scale prospective, longitudi-

nal cohort studies may be required to address this issue as the 

length of the observation period in this study was short, and the 

information on WFL percentiles was limited. 

Severe malnutrition is associated with immune deficiency, 

which is thought to make affected children more susceptible 

to serious infections [29]. Urinary secretory immunoglobulin 

A (IgA), an immunoglobulin synthesized locally at mucosal 

surfaces, is an important immunological defense that pre-

vents bacterial adhesion to the periurethral epithelium and 

urothelium [30]. Secretory IgA production may be less secreted 

in malnourished children, which may predispose them to in-

fections due to immune dysregulation. One study found that 

patients with recurrent UTIs had lower urinary levels of secre-

tory IgA [31]. Additionally, a rat experiment showed that severe 

protein malnutrition dramatically suppressed the secretory 

immune component [32], suggesting that dietary protein 

plays a site-specific role in the developmental expression of 

the immune system. NGAL is an iron-carrier protein produced 

from neutrophilic granules that plays a vital role in the innate 

immune system response to bacterial infection [33,34]. During 

infection, bacteria require iron for growth and metabolic ac-

tivity in the host. Thus, the host activates neutrophils to release 

NGAL to prevent bacteria from absorbing iron [34]. Malnour-

ished children have decreased transferrin and increased levels 

of free unbound iron, which may lead to a favorable environ-

ment for bacterial growth, leading to urosepsis and UTIs [35]. 

Although there was no statistically significant difference in 

our study, urinary NGAL/Cr values tended to be lower in the 

recurrent UTI group compared to the single UTI group. This is 

consistent with the previously mentioned study that found the 
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weight percentile may be insufficient for assessing growth tra-

jectories in infancy and childhood. Finally, kidney scarring was 

not assessed because of insufficient data. A better understand-

ing of the risk factors for kidney scarring and worsening kidney 

function would be helpful for the management of children with 

recurrent UTIs. Therefore, multicenter prospective studies in-

volving a large number of patients are needed to address these 

limitations. 

In conclusion, UTI recurrence should be monitored in chil-

dren with hydronephrosis at the first UTI diagnosis or those 

using prophylactic antibiotics. Also, when UTI is first diagnosed 

in infants under 2 years of age, an abnormal growth pattern 

with a higher birth weight, a lower WFL percentile, and reduced 

weight percentiles at least 6 months after the first UTI, the pres-

ence of VUR and APN, and confirmed infections with bacteria 

other than E. coli may partially account for UTI recurrence. 
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Introduction 

Systemic lupus erythematosus (SLE) is a chronic autoimmune 

inflammatory disease that affects multiple organs. It frequently 

involves various systems such as renal, joints, skin, cardiovas-

cular, nervous, and hematologic systems [1]. 

Childhood-onset SLE (cSLE) and adult-onset SLE (aSLE) 

have different phenotypes [2]. Neuropsychiatric, renal, and 
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hematological manifestations are more common in cSLE than 

in adult-onset disease [2]. Patients with cSLE have common 

hematological manifestations such as leukopenia, lymphope-

nia, thrombocytopenia, and hemolytic anemia [3]. In addition, 

kidney involvement is more frequent and shows more severe 

manifestations in cSLE patients than in aSLE [1]. About 50% 

to 75% of cSLE patients have renal involvement, and >90% de-

velop lupus nephritis within 2 years of diagnosis [4]. Moreover, 
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10% to 30% of cSLE patients with lupus nephritis progress to 

end-stage renal disease (ESRD) within 15 years of diagnosis [5]. 

Central nervous system (CNS) involvement in SLE occurs in 

21% to 95% of patients [6]. Neuropsychiatric manifestations 

include psychosis, anxiety, mood disorders, seizures, and hem-

orrhage [6]. These manifestations are caused by the disease  

or secondary CNS sequelae of SLE induced by treatment with 

steroids and immunosuppressants [6]. However, neurological 

complications such as cerebral infections, brain abscesses, and 

hemorrhage are seldom reported in lupus nephritis, even in 

adults. These are extremely rare in cSLE compared to aSLE, and 

the result is usually fatal. Here, we report a rare case of cSLE 

with ESRD, brain abscess, and cerebral hemorrhage. 

Case report 

A 9-year-old girl, previously diagnosed with idiopathic throm-

bocytopenic purpura (ITP) at another hospital, was referred 

to our hospital because of severe acute kidney injury (AKI) in 

June 2021. She was admitted to the pediatric intensive care unit 

(PICU) for continuous renal replacement therapy. She showed 

volume overload (uncontrolled hypertension, both pleural 

effusion, ascites) and decreased kidney function (blood urea 

nitrogen [BUN] 57.6 mg/dL, serum creatinine 0.76 mg/dL) with 

anuria, massive hematuria, and proteinuria, decreased platelet 

counts, a malar rash, joint pain, and immunologic findings of 

reduced complement levels, including complement compo-

nents 3 and 4, and positive antinuclear antibody and anti-dou-

ble-stranded DNA (Tables 1, 2). We finally diagnosed the patient 

with lupus nephritis, which was cSLE with kidney involvement. 

Table 1. Initial laboratory results of patient

Variable Reference Result
Hematologic
 WBC (×103 μL) 4.0–10.8 5.40
 PLT count (×103 μL) 150–400 28.0
Mucocutaneous
 Malar rash Negative Positive
Chemistry
 BUN (mg/dL) 7–17 57.0
 Creatinine (mg/dL) 0.37–0.72 0.76
Complement proteins
 C3 (mg/dL) 90–180 14.2
 C4 (mg/dL) 30–200 2.83
Renal
 Urine protein Negative 4+
 Urine protein-to creatinine ratio (g/gCr) 0–0.15 17.7
 Urine RBC (/μL) 0–8.8 488.4
SLE-specific antibodies
 Anti-dsDNA antibody Negative Positive
 Anti-Sm antibody Negative Positive
Antiphospholipid antibodies
 Anti-cardiolipin antibody Negative Negative
 Anti-beta2GP1 antibody Negative Negative
 Lupus anticoagulant Negative Negative

WBC, white blood cell; PLT, platelet; BUN, blood urea nitrogen; C3, 
complement component 3; C4, complement component 4; RBC, red 
blood cell; SLE, systemic lupus erythematosus; Anti-dsDNA, anti-
double stranded DNA; Anti-Sm, anti-Smith; Anti-beta2GP1, anti-
beta2-glycoprotein I.

Table 2. Serological results after diagnosis of systemic lupus erythematosus

Variable Initiala) 4 mob) 7 mob)

Rheumatoid factor (normal range, 0–15.0 IU/mL) 8 11 8
Lupus anticoagulant Negative Positive Positive
Antinuclear antibody Positive (1:640)a) Negative (1:80)a) Not done
Anti-dsDNA antibody Positive (≥320)a) Negative (1:10)a) Negative (1:10)a)

Anti-RNP antibody Positive (16)a) Negative Negative
Anti-Sm antibody Positive (33)a) Negative Negative
Anti-SS-A/Ro antibody Positive (23)a) Negative Negative
Anti-SS-B/La antibody Negative Negative Negative
Anti-cardiolipin antibody IgM Negative Negative Not done
Anti-cardiolipin antibody IgG Negative Negative Not done
Anti-beta2GP1 IgG Negative Negative Not done
Anti-beta2GP1 IgM Negative Negative Not done

Anti-dsDNA, anti-double stranded DNA; Anti-RNP, anti-ribonucleoprotein; Anti-Sm, anti-Smith; Anti-SS-A/Ro, anti-Sjögren's-syndrome-
related antigen A/Ro; Anti-SS-B/La,  anti-Sjögren's-syndrome-related antigen B/La; IgM, immunoglobulin M; IgG, immunoglobulin G; Anti-
beta2GP1, anti-beta2-glycoprotein I.
a)The value in parentheses is the titer of serology. b)Post initial treatment.
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To treat the AKI caused by lupus nephritis, high-dose steroids 

(methylprednisolone 0.50–0.75 g/day for two doses) and immu-

nosuppressant therapy (cyclophosphamide 500 mg/body sur-

face area once in September 2021; mycophenolate mofetil 1,500 

mg/day from August 2021 to January 2022) was administered. 

The AKI deteriorated, however, and after 3 months, she reached 

ESRD status. Given this situation, decreasing lupus activity be-

came more important than preserving kidney function. So we 

had to add tacrolimus while using other immunosuppressants 

after 1 month (tacrolimus 2 mg/day from September 2021 to 

January 2022). Peritoneal dialysis (PD) alone was ineffective in 

resolving fluid retention, such as pericardial effusion, pleu-

ral effusions, hypertension, and elevation of BUN and serum 

creatinine levels. Therefore, we performed hemodialysis (HD) 

three times a week with daily PD. In December 2021, 6 months 

after her first admission, she was discharged with all dialysis 

plans. Unfortunately, she was hospitalized in the PICU again 

because of seizures January 2022. Brain magnetic resonance 

imaging was performed, and the patient was diagnosed with 

a brain abscess (Fig. 1). During surgery, spontaneous cerebral 

hemorrhage was observed (Fig. 2). Even though we performed 

a burr-hole operation immediately, her vital signs became un-

stable, and then shortly after, she died because of disseminated 

intravascular coagulation (DIC) (Table 3, Fig. 3). 

Discussion 

cSLE accounts for 15% to 20% of all SLE cases [2]. Although 

both cSLE and aSLE involve multiple organs, cSLE has several 

different clinical manifestations, with hematological, renal, and 

neuropsychiatric manifestations being more common [2]. 

Although lymphopenia is more prevalent with aSLE, both 

thrombocytopenia and hemolytic anemia are significantly 

more prevalent in the cSLE group [3]. If only hematologic symp-

toms are present initially, it may be mistaken for a hematologic 

disease, and SLE may be missed in both age groups. Although 

there are limited studies in children, some studies reported 

that some patients developed SLE after ITP [7]. The prevalence 

of these patients ranges from 3% to 12% [7]. Patients initially 

have thrombocytopenia as an isolated presentation. Therefore, 

they could be diagnosed with ITP since they do not have symp-

toms of SLE other than thrombocytopenia [7]. Another study 

reported that 2.96% of childhood ITP patients subsequently 

developed SLE [8]. In our case, thrombocytopenia was an early 

symptom of SLE, and the patient was diagnosed and treated for 

AA

BB

Fig. 1. Radiological imaging of the brain. (A) Initial brain computed 
tomography (CT) of the patient showed an approximately 2.3 cm 
low-density lesion in the left temporoparietal lobe. This lesion 
presented the possibility of a cystic lesion or low-density mass, such 
as cystic encephalomalacia. (B) Brain magnetic resonance imaging 
of the patient after Brain CT. It showed an approximately 2.7 cm 
rim-enhancing mass with diffusion restriction in the left superior 
temporal gyrus, suggesting a brain abscess.

ITP for 2 years. The patient was finally diagnosed with SLE when 

she was re-examined for symptoms and signs such as malar 

rash and renal manifestations such as pitting edema, oliguria, 

BUN, and serum creatinine elevation after transfer to our hos-

pital. Even hematological problems alone may necessitate im-

Fig. 2. Secondary brain computed tomography of the patient. 
Spontaneous intracranial hemorrhage in the left parietal lobe 
occurred in a previously noted left temporal lobe abscess.
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Table 3. Laboratory results after cerebral hemorrhage

Variable Reference Resulta)

Hematologic
 WBC (×103 μL) 4.0–10.8 4.32 (9.09)
 Hemoglobin (g/dL) 14.0–18.0 7.80 (10.1)
 Hematocrit (%) 40.0–50.0 23.9 (30.6)
 PLT count (×103 μL) 150–400 54 (41)
Chemistry
 BUN (mg/dL) 7–17 10.3 (97.7)
 Creatinine (mg/dL) 0.37–0.72 0.76 (4.87)
Complement proteins
 C3 (mg/dL) 90–180 59.7 (64.7)
 C4 (mg/dL) 30–200 9.92 (18.9)
Renal
 Urine protein-to creatinine ratio (g/gCr) 0–0.2 74.8 (>190.1)
SLE-specific antibody
 Anti-dsDNA antibody Negative Negative
 Anti-Sm antibody Negative Negative
Antiphospholipid antibody
 Anti-cardiolipin antibody Negative Negative
 Anti-beta2GP1 antibody Negative Negative
 Lupus anticoagulant Negative Positive
Coagulation
 PT (INR) 0.89–1.12 Undetectable 

(0.97)
 aPTT (sec) 26.8–40.6 undetectable 

(24.4)
 Fibrinogen (mg/dL) 200–400 49 (300)
 FDP (μg/mL) 0–5 8.83 (7.84)
 D-Dimer (ng/mL) 0–243 799 (956)
Echocardiography No significant finding
Culture
 Blood No growth
 CSF No growth
 Peritoneal fluid No growth

WBC, white blood cell; PLT, platelet; BUN, blood urea nitrogen; C3, 
complement component 3; C4, complement component 4; SLE, 
systemic lupus erythematosus; Anti-dsDNA, anti-double stranded 
DNA; Anti-Sm, anti-Smith; Anti-beta2GP1, anti-beta2-glycoprotein 
I; PT, prothrombin time; INR, international normalized ratio; aPTT, 
activated partial thromboplastin time; FDP, fibrin degradation 
products; CSF, cerebrospinal fluid.
a)The values in parentheses are the results at the time of seizure.

munochemical tests for SLE. However, it is unclear whether our 

patient developed SLE after ITP or had an isolated presentation 

of thrombocytopenia as the initial symptom of SLE.  

Kidney involvement is the most common manifestation of 

SLE and a predictor of poor survival outcomes [7]. Lupus ne-

phritis is more common and severe in cSLE than in aSLE [9]. 

Although the 5-year renal survival rates in children with cSLE 

have markedly improved in recent decades, the most recent 

rate ranges from 52% to 91%, which is still low [9]. Also, the 

mortality rate of cSLE with lupus nephritis is 19 times greater 

than that in the same age groups. It is higher than aSLE, which 

has an eight times higher mortality than the same age group [9]. 

cSLE with lupus nephritis with frequent and severe symptoms 

of kidney involvement leads to high-dose corticosteroids and 

immunosuppressive treatment [10]. Inevitable life-threatening 

side effects could occur when these drugs are used for remis-

sion of the disease. In addition, they could increase the risk of 

serious infections. A study reported that the poor prognosis of 

cSLE with ESRD is primarily associated with infectious disease 

[11]. Infectious diseases such as septicemia, peritonitis, pulmo-

nary infection, and other infections are secondary common 

causes of mortality during the 5 years from initiation of renal 

replacement therapy in cSLE with ESRD [11]. 

cSLE shows more common psychiatric manifestations than 

aSLE [12]. In our case, the patient was treated with systemic 

corticosteroids and immunosuppressants for lupus nephritis 

for 7 months. She had intractable fluid retention even though 

she was treated with simultaneous PD and HD, and concen-

trated administration of immunosuppressants was ineffective. 

There was a risk of infection while undergoing both dialyzes; 

however, immunosuppressive drugs had to be used to control 

the SLE activity. Immunosuppressants are not the only cause 

of the increased risk of infection. Several factors could contrib-

ute to the increased risk of infections in patients with SLE [13]. 

Doria et al. [13] insisted that there are factors that increase the 

risk of infections, such as organ injury, immunosuppressant 

use, and T- and B-cell exhaustion. In our study, our patient un-

derwent HD and PD simultaneously. HD and PD catheters could 

be risk factors for infections, which could lead to prolonged 

hospitalization, poor morbidity, and mortality [14]. Besides the 

aforementioned causes, infections can arise from several other 

factors. Uremia-induced immune dysfunction in ESRD patients 

increases their vulnerability to infection. Uremia is associat-

ed with impaired immune responses from neutrophils and 

lymphocytes, complement system dysfunction, and reduced 

antibody production, which leads to immunosuppression [15]. 

Diabetes is also a major risk factor for nosocomial infections in 

HD patients [15]. 

The patient had several factors which made her vulnerable to 

infection; renal failure due to SLE activity, long-term use of sys-

temic corticosteroids, simultaneous and longer use of HD and 

PD catheters, longer hospital stays, and hyperglycemia due to 

long-term steroid use. Concerned about those risk of infection, 
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Fig. 3. Trend of blood urea nitrogen (BUN) and creatinine with dialysis and medical treatment. The patient's kidney damage gradually progressed. 
To resolve the acute kidney injury and fluid retention, she started hemodialysis (HD) and peritoneal dialysis (PD) together and high-dose steroids 
and immunosuppressants were administered. Despite aggressive treatment for 8 months, she developed a brain abscess and hemorrhage 
associated with treatment-related infectious side effects. Finally, the patient was unable to tolerate the hemodynamic instability and died. Dotted 
lines mean lower margin of normal limit. CRRT, continuous renal replacement therapy; MPT, methylprednisolone therapy; PL, prednisolone; 
MMF, mycophenolate mofetil; CPM, cyclophosphamide.
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we began immunosuppressant after 3 months. Nevertheless, 

she developed seizures and brain abscesses. She also expe-

rienced prolonged thrombocytopenia combined with a high 

bleeding tendency due to ESRD and uncontrolled DIC, which 

led to cerebral hemorrhage. In short, she had multiple risk fac-

tors for severe infections and more potent treatment-related 

side effects, such as hematological and neurological complica-

tions, than other cSLE patients. 

In conclusion, it is essential to recognize that even patients 

with isolated symptoms, such as ITP, may be exhibiting early 

manifestations of SLE. When Lupus nephritis is diagnosed, 

prompt treatment is essential to prevent the progression to 

ESRD. If resolved as soon as possible, it could prevent treat-

ment-related complications and allow for discontinuation of 

medications. During treatment, it is important to consider the 

possibility of complications such as brain abscesses and hem-

orrhage. Although rare, these complications must always be 

considered in clinical practice because they increase mortality 

rates.  
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of corrections or retractions when errors are found; and pres-

ervation of the anonymity of reviewers.

In the event that any ethical concerns are identified during 

the course of research, the REC of ChiKD will convene to ad-

dress the situation, in accordance with the Regulation of the 

REC of ChiKD. 

EDITORIAL POLICY

1. Copyright

All published papers become the permanent property of 

ChiKD. The copyrights of all published materials are owned by 

ChiKD. Every author should sign the authorship responsibility 

and copyright transfer agreement form, attesting that he or 

she fulfills the authorship criteria. 

2. Open-access license
ChiKD is an open-access journal that is free of charge. Articles 

are distributed under the terms of the Creative Commons At-

tribution Non-Commercial License (http://creativecommons.

org/licenses/by-nc/4.0/). For any commercial use of material 

from this open-access journal, permission must be obtained 

from ChiKD. 

3. Article sharing (author self-archiving) policy 
ChiKD is an open-access journal, and authors who submit 

manuscripts to ChiKD can share their research in several 

ways, including on preprint servers, social media platforms, at 

conferences, and in educational materials, in accordance with 

our open-access policy. However, it should be noted that sub-

mitting the same manuscript to multiple journals is strictly 

prohibited.

4. Data sharing policy 
Open data policy: ChiKD does not mandate data sharing. In the 

interest of transparency and in support of FAIR data principles 

(https://www.go-fair.org/fair-principles/), however, authors are 

http://cris.nih.go.kr/cris/index.jsp
https://clinicaltrials.gov
https://clinicaltrials.gov
https://www.who.int/clinical-trials-registry-platform
http://publicationethics.org/resources/flowcharts
https://publicationethics.org/appeals
https://publicationethics.org/appeals
https://www.chikd.org/file/ChiKD_Research_ethics.pdf
https://www.chikd.org/file/ChiKD_Research_ethics.pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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requested to provide the data and other artifacts supporting 

the results in the paper by archiving them in an appropriate 

public repository. Authors may provide a data availability 

statement, including a link to the repository they have used, 

in order that this statement can be published in their paper. 

Shared data should be cited. 

Clinical data sharing policy: ChiKD accepts the ICMJE Rec-

ommendations for a data sharing statement policy (http://

icmje.org/icmjerecommendations.pdf). Authors may refer to 

the editorial, “Data Sharing Statements for Clinical Trials: A Re-

quirement of the International Committee of Medical Journal 

Editors,” in JKMS vol. 32, no. 7:1051-1053 (https://doi.org/10.3346/

jkms.2017.32.7.1051).

5. Archiving 
The full-text of ChiKD is archived in the Korea Citation Index 

(KCI; https://www.kci.go.kr/kciportal/main.kci), and the Nation-

al Library of Korea (NLK; https://seoji.nl.go.kr/archive). ChiKD 

provides an electronic backup and preservation of access to 

the journal content in the event the journal is no longer pub-

lished by archiving in KCI and NLK. 

6. Preprint policy
A preprint can be defined as a version of a scholarly paper that 

precedes formal peer review and publication in a peer-re-

viewed scholarly journal. ChiKD allows authors to submit pre-

prints to the journal. It is not treated as duplicate submission 

or duplicate publication. ChiKD recommends that authors 

disclose the existence of a preprint with its DOI in the letter 

to the Editor during the submission process. Otherwise, a 

plagiarism check program—Similarity Check (Crosscheck) or 

Copy Killer—may flag the results as containing excessive du-

plication. A preprint submission will be processed through the 

same peer-review process as a usual submission. If a preprint 

is accepted for publication, the authors are recommended to 

update the information on the preprint site with a link to the 

published article in ChiKD, including the DOI at ChiKD. It is 

strongly recommended that authors cite the article in ChiKD 

instead of the preprint in their next submission to journals.

7. Peer review policy
All papers, including those invited by the editor, are subject to 

peer review. ChiKD has adopted a double-blind peer review 

policy, where the author identities remain anonymous to the 

reviewers, and vice versa, and the identities of the review-

ers and authors are visible to (decision-making) the editor 

throughout the peer review process. The Editorial Board se-

lects reviewers based on expertise, publication history, and 

past reviews. During the peer review process, reviewers can 

interact directly or exchange information (e.g., via submission 

systems or email) with only an editor, which is known as “in-

dependent review.” An initial decision will normally be made 

within 2 weeks after the reviewers agree to review a manu-

script. No information about the review process or editorial 

decision process is published on the article page.

All manuscripts from editors, employees, or members of 

the editorial board are processed in the same way as other un-

solicited manuscripts. During the review process, submitters 

will not engage in the selection of reviewers or the decision 

process. Editors will not handle their own manuscripts even 

if the manuscripts are commissioned. The conflict of interest 

declaration should be added as follows.

Conflicts of interest: Eujin Park has been an editorial board 

member of Childhood Kidney Diseases since 2021 but has no 

role in the decision to publish this article. No other potential 

conflicts of interest relevant to this article were reported.

MANUSCRIPT SUBMISSION AND PEER 
REVIEW PROCESS

1. Online submission

All manuscripts should be submitted via the e-submission 

system available at http://submit.chikd.org/. Manuscripts 

should be submitted by the corresponding author, who should 

indicate the address, phone number, and e-mail address for 

correspondence on the title page of the manuscript. The re-

vised manuscript is to be submitted through the same web 

system under the same identification numbers. Once an au-

thor has registered and logged into your account, the online 

system will lead the user through the steps of the submission 

process in order. All articles submitted to the journal must 

comply with these instructions. Failure to do so will result in 

the return of the manuscript and possible delay in publication. 

For assistance, please contact us via e-mail (chikd@chikd.org) 

or telephone (+82-10-4391-0788).

2. Peer review process

ChiKD reviews all received materials. All papers are evaluated 

by a double-blind, peer-review process. Manuscripts are sent 

http://icmje.org/icmjerecommendations.pdf
http://icmje.org/icmjerecommendations.pdf
https://doi.org/10.3346/jkms.2017.32.7.1051
https://doi.org/10.3346/jkms.2017.32.7.1051
https://www.kci.go.kr/kciportal/main.kci
https://seoji.nl.go.kr/archive
http://submit.chikd.org/
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to the two (or more) most relevant investigators, who review 

the content. The acceptance criteria for all papers are based 

on the quality and originality of the research and its clinical 

and scientific significance. An initial decision will normally 

be made within 2 weeks after the reviewers agree to review a 

manuscript, and the reviewers’ comments will then be sent to 

the corresponding authors. Revised manuscripts must be sub-

mitted online by the corresponding author. Failure to resubmit 

the revised manuscript within 4 weeks of the editorial decision 

is regarded as a withdrawal. The editorial office should be no-

tified if additional time is needed or if an author chooses not 

to submit a revision. The editorial committee makes decisions 

concerning editing, revision, and acceptance or rejection, and 

editing may include shortening an article, reducing the num-

ber of illustrations or tables, or changing the paper’s format or 

the order of the manuscript. The editor selects referees, and 

the results of reviews will be classified as follows:

• Accepted: The manuscript will be forwarded to the publisher with-
out further corrections.

• Minor revision: The author should address the comments from 
the reviewers, which will be confirmed by the reviewers.

• Major revision: The author should address the comments from 
the reviewers and make the appropriate corrections for review by 
the reviewers.

• Rejection: When one out of the two (or more) reviewers rejects the 
manuscript, the final decision is made by the editorial committee.

3. Peer review process for handling submissions from 
editors, employees, or members of the editorial board

All manuscripts from editors, employees, or members of the 

editorial board are processed in the same way as other unso-

licited manuscripts. During the review process, submitters will 

not engage in the selection of reviewers or the decision pro-

cess. Editors will not handle their own manuscripts even if the 

manuscripts are commissioned.

4. Conditions of publication

All authors are required to affirm the following statements 

prior to their manuscript being considered:

(1) If the manuscript does not have a new result or conclu-

sion, then it should not have the same title as a previously 

published article.

(2) Once a case has been published in an original paper, it 

may not be reproduced as a case report. However, the 

Editorial Board may consider making an exception and 

accepting a report in circumstances in which a novel di-

agnostic method, a novel therapeutic trial, or a previously 

unknown accompanying condition is found.

(3) Clinical trials on drugs with commercial implications will 

be evaluated by the proper subcommittee before being 

reviewed for publication.

(4) Case reports of previously published cases will not be ac-

cepted. The editorial board will make an exception only 

if the case is very rare. The index of ChiKD should be re-

viewed before submitting a case report.

(5) Rejected manuscripts may not be resubmitted.

(6) If the author does not address the comments made by the 

reviewer or if the manuscript does not follow the guide-

lines provided, it will be rejected.

MANUSCRIPT PREPARATION

The details of manuscript preparation differ according to the 

publication type, including reviews, original articles, case re-

ports, editorials, and correspondence. Other types can be dis-

cussed with the Editorial Board.

1. Publication type

ChiKD publishes special articles, reviews, mini-reviews, origi-

nal articles, case reports, editorial, and correspondence.

1) Special articles: Special articles provide the scientific in-

sight for any important topic in medicine, research, eth-

ics, or healthcare. They may also address guidelines and 

consensus statements, recommendations or statements 

from task forces. Original articles, reviews, and mini-re-

views are possible formats for special articles, but the 

details of manuscript format can be flexible depending 

on the contents. Most special articles are invited by the 

editors; however, unsolicited submissions may also be 

considered for publication.

2) Reviews: This type of article offers concise reviews of im-

portant topics in pediatric nephrology. Review articles are 

accepted after peer review. They should have the follow-

ing structure: title page, unstructured abstract of no more 

than 200 words and keywords, main text (introduction, 

body text, conclusion), references, tables, figures, and fig-

ure legends. The length of the text excluding references, 
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tables, and figures should not exceed 5,000 words. The 

number of references is limited to 100.

3) Mini-reviews: Mini-reviews provide a concise review or 

critical summary for a specific topic related to pediatric 

nephrology. Most mini-review articles are invited by the 

editors; however, unsolicited submissions may also be 

considered for publication. Mini-review articles are ac-

cepted after peer review. They should have the following 

format: title page, unstructured abstract of no more than 

200 words and keywords, main text (introduction, body 

text, conclusion), references, tables, figures, and figure 

legends. The length of the text excluding references, ta-

bles, and figures should not exceed 3,000 words. A max-

imum of 2 tables or 2 figures is allowed. The number of 

references is limited to 50.

4) Original articles: These are papers containing the re-

sults of clinical or laboratory investigations, which are 

sufficiently well documented to be acceptable to critical 

readers. The original articles should be organized in the 

following order: title page, structured abstract of no more 

than 250 words and keywords, main text (introduction, 

methods, results, discussion), references, tables, figures, 

and figure legends. Maximum length: 4,000 words of text 

(not including the abstract, tables, figures, and referenc-

es). A maximum of 6 tables or 6 figures is allowed. The 

number of references should not exceed 40.

5) Case reports: Case reports should be organized in the fol-

lowing order: title page, unstructured abstract of no more 

than 200 words) and keywords, main text (introduction, 

case report, discussion), references, tables, figures, and 

figure legends. The length of the text, excluding referenc-

es, tables, and figures, should not exceed 2,500 words. A 

maximum total of 6 tables and figures may be included. 

The number of references is limited to 15.

6) Editorials: Editorials should be commentaries on articles 

published recently in the journal. Editorial topics could 

include active areas of research, fresh insights, and de-

bates. The order of the submitted manuscript should 

include a title page, discussion, conflict of interest, ac-

knowledgments (if applicable) and references. The text 

should be limited to 1,500 words and 10 references. A 

maximum total of 2 tables and figures may be included.

7) Correspondence: Correspondence (letters to the editor) 

may be in response to a published article, or a short, 

free-standing piece expressing an opinion. A brief case 

report can be published as a letter to the editor. Corre-

spondence should be no longer than 1,000 words of text 

and 10 references. Letters can be edited by the Editorial 

Board. Responses by the author of the subject paper may 

be provided in the same issue or next issue of the journal. 

Replies by authors should not exceed 500 words of text 

and 5 references. A maximum total of 2 tables and figures 

may be included.

Table 1 shows the recommended maximums of manuscripts 

according to publication type.

Table 1. Recommended maximums for articles submitted to ChiKD

Type of article Abstract 
(words)

Text 
(words) References Tables & figures

Review 200 5,000 100 No limits
Mini-review 200 3,000 50 2 Tables, 2 figures
Original article 250 4,000 40 6 Tables, 6 figures
Case report 200 2,500 15 Total 6
Editorial No 1,500 10 Total 2
Correspondence No 1,000 10 Total 2
In reply - 500 5 Total 2

2. General guidelines

• Manuscripts must be written in English. Authors (partic-

ularly non-native English speakers) who submit a manu-

script should have it checked by a professional editing ser-

vice prior to submission and must submit proof of English 

editing. For an extensive revised paper, reviewer or editor 

can request an English editing certificate again. The edi-

tors reserve the right to return a manuscript to the author 

if the quality of English is poor. 

• The manuscript must be submitted in MS Word format (doc 

or docx).

• The text of the manuscript, including tables and their foot-

notes and figure legends, must be double-spaced and in 

standard 12-point font on an A4 size page. All pages should 

be numbered consecutively starting with the title page.

• Drug and chemical names should be stated in standard 

chemical or generic nomenclature. For medicine, use ge-

neric names. If a brand name should be used, insert it in 

parentheses after the generic name.

• Units of measure should be presented according to the In-

ternational System (SI) of units. All units must be preceded 

by one space except for percentage (%) and degree (°). 

• Descriptions of genes or related structures in a manuscript 

should include the names and official symbols provided 

by the US National Center for Biotechnology Information 



www.chikd.org  vii

(NCBI) or the HUGO Gene Nomenclature Committee.

• The terms sex (when reporting biological factors) and gen-

der (identity, psychosocial or cultural factors) should be 

correctly used. The sex and/or gender of study participants 

and the sex of animals or cells should be reported, and the 

methods used to determine sex and gender should be de-

scribed. If the study was done involving an exclusive pop-

ulation, for example in only one sex, authors should justify 

why, except in obvious cases (e.g., ovarian cancer).

• Statistical expression: mean and standard deviation should 

be described as mean±SD, and mean and standard error 

as mean±SE. P-values should be described as P<0.05 or 

P=0.003.

3. Reporting guidelines for specific study designs

For specific study designs, such as randomized controlled stud-

ies, studies of diagnostic accuracy, meta-analyses, observation-

al studies, and nonrandomized studies, authors are encouraged 

to also consult the reporting guidelines relevant to their specific 

research design. A good source of reporting guidelines is the 

EQUATOR Network (https://www.equator-network.org/) and the 

National Library of Medicine (https://www.nlm.nih.gov/services/

research_report_guide.html).

FORMAT OF MANUSCRIPTS

We recommend using the template provided at http://www.

chikd.org/authors/authors.php to format the manuscript.

1. Title page

The title page should include: (1) the concise and informative 

title of the article; (2) the full name(s) of the author(s); (3) the in-

stitutional affiliation(s) of the author(s); (4) the running title, of 

10 words or less; (5) the e-mail address, telephone number of 

the corresponding author; and (6) notes. If several authors and 

institutions are listed, it should be made clear with which de-

partment and institution each author is affiliated. For a mul-

ticenter study, each individual’s affiliation should be indicated 

using a superscript Arabic number 1,2,3.... The corresponding 

author or first author should be clearly designated. In a sepa-

rate paragraph, an address for correspondence including the 

name of the corresponding author address (institutional affil-

iation, city, zip code, and country), and e-mail address should 

be given. The running title should not be a declarative or 

interrogative sentence. Notes (disclaimers) include ethics ap-

proval and consent to participate, conflict of interest, funding, 

authors’ contributions, additional contributions, and ORCID 

of all authors. All contributors who do not meet the criteria for 

authorship as defined above should be listed in an additional 

contribution section. Examples of those who might be ac-

knowledged include a person who provided purely technical 

help, writing assistance, or a department chair who provided 

only general support. Authors should disclose whether they 

had any writing assistance and identify the entity that paid for 

this assistance.

2. Abstract and keywords

1) Abstract: Original articles provide a structured abstract of 

less than 250 words, which should be divided into the fol-

lowing sections:

• Purpose: A single sentence describing why the study was 

done and the type of study carried out. Clinical studies 

should include the setting (e.g., practice or hospital).

• Methods: The total number of species of animals or sub-

jects, with (where relevant) the method of selection. For in 

vitro studies, specify the cell and tissue used, the assays or 

assessments carried out, and the statistical tests applied.

• Results: The main results obtained, providing means (±SD 

or SE) or medians (with ranges) and significance levels, 

where necessary. Clinical data should include any with-

drawals.

• Conclusions: Implications based on the methods and re-

sults presented.

Abbreviations, if needed, should be kept to an absolute min-

imum, and given with proper identifications.

2) Keywords: Authors should provide, and identify as such, up 

to 5 keywords or short phrases that will assist indexers in 

cross-indexing the article and can be published with the ab-

stract. Use terms from the Medical Subject Headings (MeSH) 

list of Index Medicus; if suitable MeSH terms are not yet 

available for recently introduced terms, present terms may 

be used. Keywords should be listed in alphabetical order and 

the first letter of a keyword should be capitalized (e.g., He-

maturia; Nephrotic syndrome). 

https://www.equator-network.org
https://www.nlm.nih.gov/services/research_report_guide.html
https://www.nlm.nih.gov/services/research_report_guide.html
http://www.chikd.org/authors/authors.php
http://www.chikd.org/authors/authors.php
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3. Main text

1) Introduction: The introduction should contain enough 

references to the most pertinent papers to inform readers 

and describe others’ relevant findings. It also includes the 

specific question driving the authors’ particular investiga-

tion.

2) Methods: We endorse the principles articulated in the 

Declaration of Helsinki and expect that all investigations 

involving human materials have been performed in ac-

cordance with these principles. Animal experiments must 

be reviewed and approved by an appropriate committee 

(Institutional Animal Care and Use Committee) for the 

care and use of animals. Studies involving pathogens re-

quiring a high degree of biosafety should pass the review 

of a relevant Institutional Biosafety Committee. The ap-

proval of the experimental protocol should be described in 

the Methods section. An explanation of the experimental 

methods should be concise and sufficient for repetition by 

other qualified investigators. Procedures that have been 

published previously should not be described in detail; 

however, new or significant modifications of previously 

published procedures need full descriptions. The sources 

of special chemicals or preparations should be given (i.e., 

name of company). The methods of statistical analyses 

and the criteria used to determine statistical significance 

(i.e., the significance level) should be described. Case re-

ports, case histories, or case descriptions do not contain 

separate Methods or Results sections.

3) Results: This part should be presented logically using text, 

tables, and illustrations. Excessive textual repetition of ta-

ble or figure content should be avoided.

4) Discussion: The data should be interpreted concisely with-

out repeating materials already presented in the Results 

section. Speculation is permitted, but it must be support-

ed by the authors’ presented data and be well-founded.

4. References

In the text, references should be cited with Arabic numerals in 

brackets, numbered in the order cited. In the references sec-

tion, the references should be numbered and listed in order 

of appearance in the text. Authors are responsible for the ac-

curacy and completeness of their references and correct text 

citations.

• List all authors up to six in number. If there are more than 

six authors, list the first six and add “et al.” to the last au-

thor’s name.

• Papers in press may be listed among the references with 

the journal name and tentative year of publication.

• Unpublished data or personal communications can be list-

ed only with the author’s written permission.

• Other types of references not described below should fol-

low the Recommendations of ICMJE (https://www.nlm.nih.

gov/bsd/uniform_requirements.html).

Journal article:

1. Jung J, Lee JH, Kim KS, Song SH, Moon DH, Yoon HM, et al. 

Management strategies for congenital isolated hydrone-

phrosis and the natural course of the disease. Child Kidney 

Dis 2022;26:1-10.

2. Aier A, Pais P, Raman V. Psychosocial aspects of chil-

dren with chronic kidney disease and their families. Clin 

Exp Pediatr 2021 Nov 10 [Epub]. https://doi.org/10.3345/

cep.2021.01004

Book or book chapter:

3. Volpe JJ. Neurology of the newborn. 5th ed. Saunders/Else-

vier; 2008.

4. Hong CE. Textbook of pediatrics. 9th ed. Korea Textbook 

Publishing Co.; 2008.

5. Pan ES, Cole FS, Weinttrub PS. Viral infections of the fetus 

and newborn. In: Taeusch HW, Ballard RA, Gleason CA, 

editors. Avery’s diseases of the newborn. 8th ed. Elsevier 

Saunders; 2005. p. 495–529.

Website

6. International Committee of Medical Journal Editors. Rec-

ommendations for the conduct, reporting, ed iting, and 

publication of scholarly work in medical jour nals [Inter-

net]. International Committee of Medical Journal Editors; 

2021 [cited 2022 Jan 10]. Available from: http://www.icmje.

org/recommendations/

5. Table(s)

Tables should be typed double-spaced on separate pages with-

in the manuscript, and they should be titled and numbered 

in Arabic numerals in the order of their first citation in the 

text. Each column should be given a short heading. Only the 

first letter of the first word in each row and column should be 

capital letters. If numerical measurements are given, the unit 

of measurement should be included in each heading. The sta-

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/recommendations
http://www.icmje.org/recommendations
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tistical significance of observed differences in the data should 

be indicated by the appropriate statistical analysis. All abbre-

viations should be defined in footnotes. For special remarks, 

superscripts a), b), c)... should be used. No more than 6 tables 

are needed. Tables should follow the references on separate 

pages.

6. Figure(s)

The author is responsible for submitting prints that are of 

sufficient quality to permit accurate reproduction, and for 

approving the final color galley proof. ChiKD assumes no re-

sponsibility for the quality of the photography as it appears in 

the journal. Symbols, arrows, or letters used in photographs 

should contrast with the background. A legend for each light 

microscopic photograph should include the name of the stain 

and magnification (i.e., H&E, ×400); electron microscopic pho-

tography should have an internal scale marker. All kinds of fig-

ures may be reduced, enlarged, or trimmed for publication by 

the editor. No more than 6 figures are needed. All legends for 

figures should be double-spaced. Figure legends should fol-

low tables on separate pages. Do not use a separate sheet for 

each legend. Figure legends should describe briefly the data 

shown and explain any abbreviations or reference points in 

the photograph. The figures should be numbered in the form 

Fig. 1, Fig. 2, and Fig. 3. Related figures should be combined into 

one figure, with each subfigure denoted by the letters, A, B, C, 

and so on, following the Arabic number of the main figure (i.e., 

Fig. 1A; Fig. 1B, C; Fig. 1A–C). Figures should be submitted in the 

TIFF or EPS file formats. If the only possible file format is JPEG, 

it must be in the highest quality with minimum compression. 

It is recommended to size original figure widths to 4 inches 

wide. The minimum requirements for digital resolution are:

• 900 DPI/PPI for black and white images, such as line draw-

ings or graphs.

• 300 DPI/PPI for picture-only photographs.

• 600 DPI/PPI for photographs containing pictures and line el-

ements, i.e., text labels, thin lines, arrows.

MANUSCRIPT PROCESSING AFTER 
ACCEPTANCE

1. Final version

After a paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names 

and affiliations of authors should be double-checked, and if 

the originally submitted image files were of poor resolution, 

higher resolution image files should be submitted at this time. 

TIFF and PDF formats are preferred for the submission of dig-

ital files of photographic images. Files containing figures must 

be named according to the figure number (ex: Fig. 1. tiff). Sym-

bols (e.g., circles, triangles, squares), letters (e.g., words, abbre-

viations), and numbers should be large enough to be legible on 

reduction to the journal’s column widths. All symbols must be 

defined in the figure caption. If references, tables, or figures 

are moved, added, or deleted during the revision process, they 

should be renumbered to reflect such changes so that all ta-

bles, references, and figures are cited in numeric order.

2. Manuscript corrections

Before publication, the manuscript editor will correct the 

manuscript such that it meets the standard publication for-

mat. The author(s) must respond within 2 working days when 

the manuscript editor contacts the author for revisions. If 

the response is delayed, the manuscript’s publication may be 

postponed to the next issue.

3. Galley proof

After corrections have been made, an accepted manuscript 

will be sent to the publisher for printing. The proof may be re-

vised more than once by the corresponding author, if needed. 

The author should double-check for corrections in the con-

tent, title, affiliation, capitalization, locations of figures, and 

references. Corresponding authors are responsible for further 

corrections made after printing.

4. Confirmation of acceptance

Once the manuscript is at the publisher, confirmation of ac-

ceptance by ChiKD will be issued. Upon registering for the 

board exams, a receipt of confirmation can be ordered for an 

accepted manuscript.

5. Post-publication discussions

Post-publication discussions can be held through letters to the 

editor. If any readers have concerns about any articles pub-

lished, they can submit a letter to the editor related to the arti-
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cles. If any errors or mistakes are found in an article, they can 

be corrected through an erratum, corrigendum, or retraction.

CONTACT INFORMATION

Questions regarding manuscript submission may be sent to:

Editorial Office

Korean Society of Pediatric Nephrology

240 Gimpohangang 1-ro, Gimpo 10078, Republic of Korea

Tel: +82-10-4391-0788, E-mail: chikd@chikd.org
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