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Is vaginal reflux associated with urinary tract
infection in female children under the age of

36 months?

Yu Bin Kim, MD, Chih Lung Tang, MD, Ja Wook Koo, MD, PhD
Department of Pediatrics, Inje University Sanggye Paik Hospital, Inje University College of Medlicine, Seoul, Korea

Purpose: To determine the relationship between vaginal reflux (VR) and urinary tract infection (UTI) in
female children aged <36 months.

Methods: A single center retrospective study was performed for 191 girls aged <36 months, with
a diagnosis of febrile UTI, who underwent a voiding cystourethrography (VCUG) for assessment of
vesicoureteral reflux (VUR) at Sanggye Paik Hospital. Fifty-one girls, who underwent VCUG for assessment
of congenital hydronephrosis or renal pelvis dilatation, without a UTI, formed the control group. The
correlation between the presence and grade of VR and UTI was evaluated.

Results: The prevalence rate of VR was higher in the UTI (42.9%) than control (13.7%) group (P<0.05),
with a higher VR severity grade in the UTI (mean, 0.64) than control (mean, 0.18) group (P<0.05). On
subanalysis with age-matching (UTI group: n=126, age, 5.28+2.13 months; control group: n=22, age,
4.79+2.40 months; P=0.33), both VR prevalence (43.65% vs. 18.18%, P<0.05) and grade (0.65 vs.
0.22, P<0.05) remained higher in the UTI than control group. Presence and higher grade of VR were
associated with UTI recurrence (P<0.05). VR was correlated to urosepsis (P<0.05). The renal defect rate
of patients with VR (VR [+]/VUR [+]) was not different from that of patients without VR (74% vs. 52%,
P=0.143) in the VUR group; however, it was higher than that of VR (+)/VUR (-) patients (74% vs. 32%,
P=0.001). Ifachild with VR (+)/VUR (+) is exposed to a UTI, the risk of renal defect increases.
Conclusion: Occurrence of VR is associated with UTI recurrence and urosepsis in pediatric female
patients.
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Introduction

Urinary tract infection (UTI) is one of the most common causes of bacterial infections
in childhood, with an incidence rate of 8.4% in girls and 1.7% in boys under the age of 6
years.” Recurrent UTI can lead to irreversible damage to the renal parenchyma, resulting in
hypertension and chronic renal failure. As such, UTI recurrence is considered as an important
cause of end stage renal disease. Of significance, about 30%-50% of patients experience re-
currence after a first UTL"” The vesicoureteral reflux (VUR) has been recognized as a risk factor
for renal parenchymal damage™® and a weaker predictor of renal scarring than UTI recurrence.”

In contrast, the presence of vaginal reflux (VR) in female children is largely considered as
being a transient functional alteration of the genitourinary system, due to the age-dependent
relative position of the urethra and vagina, and, therefore, as a cause of false positive results of
urine culture in the diagnosis of UTIs.”” As such, VR is not recognized as a risk factor for UTI in

the same way that sex, age, race, circumcision status in boys, and voiding dysfunction are."*"”
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Moreover, the probability of VR as a contributing factor of UTI and
UTI recurrence is still considered to be arguably small.”"”

However, considering the anatomical structure of the female
genitalia, VR could present an opportunity for ascending infection
via a shared mechanism of urinary stasis with other known risk
factors associated with UTI or recurrent UTI. The main purpose of
our study was to clarify whether VR is a contributing factor to the
occurrence of UTIs in girls, and to determine if any relationship
between VR and UTI was influenced by the severity of the VR.

Materials and methods

1. Patients

We retrospectively reviewed the medical records of 235 girls
under the age of 3 years who underwent a voiding cystourethro-
grahy (VCUG) in the pediatrics department of Inje University
Sanggye Paik Hospital (Seoul, Korea), between January 2000 and
May 2016. Patients diagnosed with febrile UTI between January
2000 and December 2014 underwent assessment with renal sono-
graphy, *"technetium- -labeled dimercaptosuccinic acid (DMSA)
scan, and VCUG as nonselective intervention (n=210). VCUG was
selectively performed for patients in whom abnormalities were
identified on ultrasonography or DMSA scan, as well as those with
recurrent UTI after 2015 (n=25). These 235 cases were screened to
exclude patients with an incomplete or missing medical record (as
some children had first been evaluated at another hospital; n=27)
and patients with significant renal anomaly, such as renal agenesis,
duplicated kidney and polycystic kidney (n=17). Therefore, 191
cases of febrile UTI were enrolled into the study. Another 51 patients
were enrolled into the control group who underwent VCUG for
evaluation of sonographic screening for renal anomaly, but had
no history of febrile UTL. The results of renal ultrasonography of
the control group are as follows: pelvic dilatation (n=32), hydrone-
phrosis (n=7), multicystic dysplastic kidney disease (n=>5), double
renal pelvis (n=4), extrarenal pelvis (n=1), screening for imperforated
anus combined anomaly (n=1), nephrocalcinosis (n=1). Exclusion
criteria for the control group were the same as for the UTI group.

This study was approved by the Institutional Ethics Review Board
of the Inje University Sanggye Paik Hospital (2017-02-024), and the
requirement for informed consent was waived.

2. Definition

Febrile UTI was defined based on previously published criteria,
as follows™'*": a tympanic fever >38°C, for children 2-36 months
old, or a rectal fever >37.5°C, for children 0-2 months old, and bac-
teriuria confirmed by urine culture. A positive urine culture was
defined using the following modified criteria'*': any growth of a
pathogenic organism in a suprapubic tap; or a colony-forming-unit

count 210" or a count of a single organism =10’/ mL in samples
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obtained by catheterization or midstream of voided urine in toilet
trained girls.

A recurrence of UTI was also defined based on previously publish-
ed criteria,"” as a second positive urine culture result at >1 month
after the resolution of a first UTI, using the same criteria previously
described for a UTI, in addition to fever or urinary symptoms and
signs (foul odor urine, dysuria). Variables associated with UTI re-
currence were dichotomized as negative or positive.

Patients with a diagnosis of febrile UTI were all successfully
treated using casual antibiotic treatment. Medical imaging, includ-
ing renal ultrasound (US), DMSA renal scanning and VCUG, was
performed to confirm the presence of a VUR. The following data
were collected for analysis: age (months) at first VCUG, VCUG results
(US findings, DMSA scan results), length of hospital stay, duration
of fever (days), results of blood test obtained at the initial assessment
(white blood cell [WBC] count and C-reactive protein [CRP]), results
of urinalysis analysis (nitrite level, urine WBC count, urine red blood
cell count [RBC]), urine protein level, and body height and weight.
Age, length of hospital stay, duration of fever, WBC, and CRP were
evaluated as continuous variables. US findings were classified as
positive when the following features were identified: change in
parenchymal echogenicity, renal swelling, thickened pelvic wall,
and loss of the corticomedullary differentiation. On DMSA, findings
of single or multiple cortical defects and either a focal or diffuse
decreased uptake pattern in one kidney were defined as positive. The
severity of VUR was graded based on the system of the International
Reflux Study Group,”'” with a grade =1 in one or both kidneys
defined as a positive finding.

Urinalysis results were recorded as bifurcated nominal variables,
as follows: nitrite and proteinuria were identified based on their
presence or absence in laboratory results, with positive pyuria and
hematuria defined as a WBC and RBC, respectively, >4 on high
power field. Obesity was defined based on body weight and height
which exceeds 95% of the normative values on the 2007 Korean
National Growth charts.'®

3. Measurement of the severity of VR

The severity of VR was evaluated using the modified imaginary
scoring system described by Kelalis et al.,” with the three grades of
hydrocolpos described as follows (Fig. 1): grade 0, no visible VR;
grade 1, presence of a tracking flow through the vaginal canal,
without vaginal bulging; and grade 2, presence of a tracking flow
through the vaginal canal, with observable vaginal bulging.

4. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
ver. 22.0 (IBM Co., Armonk, NY, USA). Continuous variables were
described as a meanztstandard deviation, with differences between
the UTI and control group evaluated using a chi-square test, in-
dependent sample t test or Mann-Whitney U test, as appropriate for
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Fig. 1. Vaginal reflux (VR) is classified into 3 grades, based on the modified imaginary scoring system from Kelalis et al.”
1973. (A) Grade 0, no visible flow of VR; (B) grade 1, presence of a tracking flow through the vaginal canal, without vaginal
bulging; (C) grade 2, presence of a tracking flow through the vaginal canal, with detection of vaginal bulging.

the distribution of the data set. Categorical variables were described
as a percentage value, with between-group differences evaluated
using a chi-square analysis. Between-group differences in the VR
grade were evaluated using a Mann-Whitney U test. A P value<0.05
was considered significant for all tests.

For patients in the febrile UTI group, a univariate Spearman cor-
relation analysis was performed to identify the clinical manifestations
and patient-specific characteristics associated with VR, followed by a
logistic linear regression analysis to identify predictive factors of VR.
The prevalence rate of renal defects associated with VR, identified by
DMSA, was also compared between patients with and without VUR
using a chi-square analysis.

Results

1. Prevalence rate and severity of VR in our study group

The mean age for the UTI group was 9.11+7.99 months compared
to 3.58+5.65 months for the control group (P<0.05) (Table 1). The
prevalence rate of VR was 42.9% (82 of 191) in the UTI group and
13.7% (7 of 51) in the control group (P<0.05). The mean VR grade
was 0.64 for the UTI group and 0.18 for the control group (P<0.05)
(Tables 1, 2). There was no correlation between age and VR pre-
valence in either group (Table 2).

To control for any effect of age, a subanalysis was performed
including only patients 2 to 10 months old (Table 3). The age distri-
bution on this subanalysis was comparable for both groups: UTI,
n=126, age 5.28+2.13 months; control, n=22, age 4.79+2.40; P=0.33.
The prevalence rate of VR remained higher in the UTI (43.7%) than
control group (18.2%) (P=0.024), as did the severity grade of VR (0.65
vs.0.22, respectively, P=0.021).

2. Clinical characteristics according to the presence of VR

The occurrence of VR did not correlate with the prevalence rate of
VUR, abnormal US findings and renal defect on DMSA (P>0.05), or
with laboratory findings. VR, however, was significantly correlated

Table 1. Demographic profiles of patients

Variable Control (n=51) UTI (h=191) Total (n=242)  Pvalue
Age (mo) 3.58+5.65  9.11+7.99  7.95+7.88  <0.001
VR prevalence 7(13.7) 82 (42.9) 89 (36.8) <0.001
VR grade
0 44 (86.3) 109 (57.1) 153 (63.2) <0.001*
1 5(9.8) 42 (22.0) 47 (19.4)
2 239 40 (20.9) 42 (17.4)
VUR prevalence 4(7.8) 44 (23.0) 48 (19.8) <0.001

Values are presented as mean=standard deviation or number (%).
UTI, urinary tract infection; VR, vaginal reflux; VUR, vesicoureteral reflux.
*z score, -3.89.

Table 2. The prevalence rate of vaginal reflux

Age (mo) Control (n=51) UTl (n=191) Total

0-2 3/27 (11.1) 7/11 (63.6) 10/38 (26.3)
2-4 2/10 (20.0) 18/41 (43.9) 20/51 (39.2)
4-6 1/6 (16.7) 16/39 (41.0) 17/45 (17.8)
6-8 0/1(0) 16/31 (51.6) 16/32 (50.0)
8-10 1/5 (20) 5/15 (33.3) 6/20 (30.0)
10-12 0/0 (0) 1/7 (14.3) 1/7 (14.3)
12-24 0/1(0) 11/28 (39.3) 11/29 (37.9)
24-36 0/1(0) 8/19 (42.1) 8/20 (40.0)
Total 7/51 (13.7) 82/191 (42.9) 89/242 (36.8)

Values are presented as number (%).

to UTI recurrence and urosepsis (P<0.05) (Table 4). In contrast, the
VR grade correlated with UTI recurrence (P=0.013) but not urosepsis
(P=0.147). The incidence rate of VUR also correlated with UTI
recurrence (P=0.004).

We conducted multivariate logistic regression analyses, one with
VUR as the independent variable and the other with VR grade. The
odd’s ratio, OR (95% confidence interval [CI]) of UTI for each model
was as follows: VUR, OR, 3.06, 95% CI, 1.45-6.47, P=0.003; VR
grade, OR, 1.73; 95% CI, 1.15-2.61; P=0.009 (Table 5). The pre-
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Table 3. Differences in the prevalence rate and grade of VR between UTI and control groups; subanalysis of children 2 to 10 months of age

Variable Control (n=22) UTl (n=126) OR 95% Cl P-value
Age (mo) 4.79+2.40 5.28+2.13 1.49-0.50* 0.330
VR prevalence 4(18.2) 42 (43.7) 1.83 1.12-10.89 0.024
VR grade 0.021"
0 18 (81.8) 71 (56.3)
1 3(13.6) 30 (23.8)
2 14.5) 25(19.8)
VUR prevalence 2 28 2.85 0.629-12.97 0.157

Values are presented as mean=standard deviation or number (%).
VR, vaginal reflux; UTI, urinary tract infection; OR, odds ratio; Cl, confidence interval; VUR, vesicoureteral reflux.
*Fvalue, 0.983. Tzscore, -2.31.

Table 4. Clinical characteristics according to the presence of vaginal reflux

Variable VR (-) (n=109) VR (+) (=82 OR 95% Cl P-value
VCUG (VUR grade>1) 25 (22.93) 19 (23.2) 1.01 0.51-2.00 0.970
Renal defect on DMSA scan 44 (40.4) 34 (41.5) 1.05 0.58-1.87 0.879
Abnormal sonography 34 (31.2) 32 (39.0) 1.41 0.77-2.58 0.260
UTl recurrence 20 (18.4) 27 (32.9) 2.19 1.12-4.26 0.021*
Sepsis 1(0.01) 5(6.1) 7.01 0.80-61.23 0.042*
Overweight 18 (16.51) 15(18.3) 113 0.53-2.41 0.374
Pyuria (>4 WBC/HPF) 104 (95.4) 78 (95.2) 0.94 0.24-3.60 0.925
Positive urine nitrite 36 (33.0) 27 (32.9) 0.99 0.54-1.83 0.988
Proteinuria 45 (41.3) 40 (48.8) 1.35 0.76-2.41 0.302
Hematuria (>4 RBC/HPF) 75 (68.8) 59 (72.0) 1.16 0.62-2.18 0.638
Duration of fever (day) 4.26+2.05 4.20+1.92 =0.112 -0.51 10 0.64 0.738
Length of hospital stay (day) 5.38+2.11 5.30+2.18 F=0.056 -0.54 10 0.69 0.813
iWBC (/uL) 16,329.82+6,698.45  14,936.95+6,363.43 F=0.26 -497.90 to 3,283.63 0.873
iCRP (mg/dL) 6.89+9.96 10.73+44.01 =177 -12.43t04.75 0.185

Values are presented as number (%) or mean=+standard deviation.

The univariate analysis of clinical characteristics and quality of reflux was performed in 191 patients in the UTI group.

VR, vaginal reflux; OR, odds ratio; Cl, confidence interval; VCUG, voiding cystourethrography; VUR, vesicoureteral reflux; DMSA, *"technetium dimercaptosuccinic
acid; UTI, urinary tract infection; WBC, white blood cell; HPF, high power field; RBC, red blood cell count; iWBC, initial WBC; iCRP, initial C-reactive protein.

*P<0.05, VCUG, voiding cystourethrography.

99m.

Table 5. Multivariate logistic regression analysis to determine predictive indicating that the risk of renal defect increases if'a child with VR

VCUG score and VR grade for UTI recurrence and VUR is diagnosed with a UTI (P=0.001).

Variable Exp (B) 95% Cl Pvalue

VCUG 3.06 1.45-6.47 0.003*

VR grade 1.73 1.15-2.61 0.009* Discussion

VCUG, value of voiding cystourethrography; VR, vaginal reflux; UTI, urinary tract

infection; Cl, confidence interval. A UTl is a common bacterial infection in children that can cause
"P<0.05. permanent damage to the kidneys. Although a VUR is identified as

the most important risk factor for UTIs in current clinical guidelines,
valence rate of renal defect among patients with a VUR and VR other individual risk factors could contribute.”” A long-term fol-
(74 %) was higher than among those with a VUR but no VR (52%),  low-up study (median, 23 years) in Sweden’" reported a higher
but with this difference being nonsignificant (P=0.143). No asso-  prevalence of renal damage among females with a pediatric history
ciation between VR and the prevalence rate of renal defect was of UTI, with the recurrence rate of UTI and of renal scarring being
identified among patients in the UTI group only, with or withouta  higher among those with a VUR than without reflux. Of note, the
VUR (Fig. 2). In the presence of VR, the prevalence rate of a renal recurrence of symptomatic UTI persisted after resolution of VUR,
defect increased from 32% (without a VUR) to 749% (with a VUR), with the severity of renal scarring being correlated with the recur-
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Fig. 2. Prevalence rate of renal defect according to the status of vaginal
reflux (VR) and vesicoureteral reflux (VUR). Between-group comparisons
were performed using a chi-square test, with results as follows: P=0.177
(VR [-] without VUR vs. VR [-] with VUR), P=0.516 (VR [-] without VUR vs.
VR [+] without VUR), P=0.143 (VR [-] with VUR vs. VR [+] with VUR), P=
0.001 (VR [+] without VUR vs. VR [+] with VUR). *P<0.05. Odds ratio (95%
Cl) of renal defect in patients with a VUR: VR vs. no VR group, 1.85 (0.75—
4.51) vs. 6.02 (1.90-19.02). 0dds ratio (95% Cl) of renal defect in patients
with a VR: no VUR vs. VUR group, 0.79 (0.40-1.567) vs. 6.02 (0.71-9.37).

2 who

rence rate of UTL This finding is supported by Larcombe
reported that damage to the renal parenchymal was strongly cor-
related with recurrent UTI and with a first UTI at <2 years of age.

In order to prevent permanent renal damage, identification and
proper management of recurrent UTI is needed.*”*”” Known risk
factors for recurrent UTIs include: female sex, noncircumcised male,
Caucasian race, younger age, voiding dysfunction, obstructive uro-
pathy, wiping from back to front in girls, urination habit, bubble
bath, postbowel movement, a first UTI, tight clothing, constipation,
neuropathic bladder, sexual activity, and pregnancy.””” With the
exception of immunological and genetic susceptibility to UTIs, risk
factors for UTIs all provide opportunity for an ascending infection.”””

The process of VR during the urinary process was well described
by Davis and Chumley””
with a contraction of the bladder. As the bladder pressure rises, the
sphincter of the ureter relaxes and the urine stored in the bladder
escapes through the ureter. The urine exiting the urethra is tem-
porarily trapped inside the pelvis. Although the majority of urine is
discharged from the perineal region,” some urine is infused into the
vaginal canal, via the vaginal opening, in proportion to the urinary
pressure and urethro-vaginal angle. The presence of an obstructive

in 1966. The urination process begins

anatomical structure in the region anterior to the urethra and to
labia increases the risk of vaginal infusion during urination.

VR is generally considered as a nonpathologic condition in girls,
such as phimosis in boys, as it typically disappears with a change in
position (25%) and with age (prevalence rate of VR is 6 fold higher
in girls <3 years of age than in those >14 years). Previous studies
have also identified VR as a cause of false positive results of urine

Korean J Pediatr 2018;61(1):17-23

culture,”” regarding VR as an insignificant factor in UTI etiology,
despite the fact that the recurrence rate of UTI is relatively higher
among girls with VR than in those without (P=0.087)."”

It has been proposed that VR is a form of bladder bowel dysfunc-
tion (BBD) and, as such, would inherently be associated with a
greater risk for UTL” In urology and gynecology, VR is treated as a
cause of voiding dysfunction,’"*? assessed using postvoiding US to
identify the extent of hydrocolpus induced by VR and to determine
the best therapeutic approach to manage urinary incontinence.'*”"

Previous studies have reported a prevalence rate of VR of 12.4%
t0 6200.%*” This large range may reflect differences in the age distri-
bution of study groups, as well as differences in the prevalence of
UTI and voiding dysfunction among the study groups. The overall
prevalence rate in our study was 36.8%, with a significantly higher
rate among the UTI group (43.7%) than the control group (18.2
%). This higher prevalence of VR among patients with a UTI was
maintained on subanalysis after age-matching between the UTI
and control groups. The higher prevalence rate of VR in the UTI
group did not correlate with either obesity or VUR, which is in
agreement with most of the previous research”'®'**” but not all."”
Therefore, based on our findings and previous reports, VR may be
a factor associated with recurrent UTL. It has been reported that VR
may disappear with age and a change in posture during urination.”
We did not identify an effect of age on the prevalence of VR in our
study. However, due to the young age of children included in our
study group (<36 months), it was not possible to clearly evaluate
the effects of functional change in posture and age on the incidence
rate of VR. Moreover, only 3 patients with a VUR underwent follow-
up assessment using conventional VCUG. In these 3 patients, the
presence of VR and the VR grade remained unchanged at a mean
follow-up of 1.3 years. As well, only 18 of the 44 patients with a
VUR underwent a follow-up assessment using radioisotope VCUG.
Therefore, we were unable to evaluate to evaluate to rate of disap-
pearance of VR with increasing age.

As previously studied, VR has been classified as a type of BBD,
with the presence of a BBD and any degree of VUR being highly
correlated to UTI recurrence.” In our study, we did not evaluate the
relationship between the prevalence rate of VR and the occurrence
of BBD. However, we did show that VR was highly correlated with
the rate of recurrence of UTI, with the recurrence rate of UTI being
significantly higher among girls with a grade 2 VR (vaginal bulging).

In our study, girls with VR in the UTI group had a higher incidence
of urosepsis (6%, 5 of 82) compared to those without VR. The mean
age of 5 children with urosepsis and VR was 5.58 months. Among
these 5 cases, Escherichia coli was cultured in the urine and blood
specimens in 4 cases and Enterobacter cloacae in the other. Two of
these children only had a VR, with the other 3 having both a VR and
VUR. Considering the small number of children with urospesis, our
data are descriptive in nature and, therefore, it is uncertain how VR

33)

causes urosepsis, regardless of VUR, in female infants.
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Renal scarring is more prevalent in patients with a UTI and VUR.
3 In our study, we further described a significant correlation
between the rate of renal defect and the presence of VUR among
children with a UTI (OR, 2.99; 95% CI, 1.49-5.99; P=0.002). The
prevalence rate and VR grade were not significantly related with
the occurrence rate of VUR in the UTI group. The renal defect rate
in patients with a VUR and VR (VUR [+]/VR [+]) was 73.7%, and
higher than the 52.0% rate among VUR [+] patients without VR
(VUR [+]/VR [-]), although this association did not reach significance
(P=0.143). In the presence of VR, the rate of renal defect was higher
among patients with a VUR (74%) than those without a VUR (32%;
P=0.001). Therefore, if a child with VR and a VUR develops a UT],
the risk of renal defect increases.

Our study has several limitations which should be acknowledged.
Foremost is the retrospective nature of our study which precludes
identification of causation, as well as having the possibility of a
selection bias. UTI recurrence data was not systematically collected
for all cases, and there was no comparison of rates of UTI, UTI re-
currence, and VUR to boys.

Despite these limitations, our study presents data to support a
possible role of VR in UTI occurrence and UTI recurrence among
girls. This evidence has not been previously published, with studies
considering VR as a nonpathological transient condition.”” In fact,
we propose that VR could be a specific inducing factor of urosepsis
in female infants, and a cause UTI recurrence regardless of VUR. Fu-
ture, prospective systemized studies are needed to clarify the hidden
pathologic meaning and reassessment of VR. Further studies should
be performed to verify the validity and usefulness of the grading
system of VR used in this study.

Conflicts of interest

No potential conflict of interest relevant to this article was re-
ported.

References

1. Copp HL, Shapiro DJ, Hersh AL. National ambulatory antibiotic pre-
scribing patterns for pediatric urinary tract infection, 1998-2007.
Pediatrics 2011;127:1027-33.

2. Elder JS. Urinary tract infection. In: Kliegman RM, Stanton BF, St.
Geme JW III, Schor NF, Behrman RE, editors. Nelson textbook of
pediatrics. 20th ed. Philadelphia: Elsevier Saunders, 2011:2558-9.

3. Conway PH, Cnaan A, Zaoutis T, Henry BV, Grundmeier RW, Keren R.
Recurrent urinary tract infections in children: risk factors and associa-
tion with prophylactic antimicrobials. JAMA 2007;298:179-86.

4. Paintsil E. Update on recent guidelines for the management of urinary
tract infections in children: the shifting paradigm. Curr Opin Pediatr
2013;25:88-94.

5. Montini G, Tullus K, Hewitt I. Febrile urinary tract infections in child-

22 nhtips://doi.org/10.3345/kjp.2018.61.1.17

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

25.

ren. N Engl J Med 2011;365:239-50.

. Craig JC, Irwig LM, Knight JF, Roy LP. Does treatment of vesicou-

reteric reflux in childhood prevent end-stage renal disease attributable
to reflux nephropathy? Pediatrics 2000;105:1236-41.

. Newman TB. The new American Academy of Pediatrics urinary tract

infection guideline. Pediatrics 2011;128:572-5.

. Kelalis PP, Burke EC, Stickler GB, Hartman GW. Urinary vaginal

reflux in children. Pediatrics 1973;51:941-2.

. Engel D, Stobbe G, Schéne D. The vaginal influx and its significance

in the diagnosis of infections of the urinary tract. Int Urol Nephrol
1979;11:317-23.

Snyder EM, Nguyen RA, Young KJ, Coley BD. Vesicovaginal reflux
mimicking obstructive hydrocolpos. J Ultrasound Med 2007;26:1781-
4.

Panaretto K, Craig J, Knight J, Howman-Giles R, Sureshkumar P, Roy
L. Risk factors for recurrent urinary tract infection in preschool
children. J Paediatr Child Health 1999;35:454-9.

Dias CS, Silva JM, Diniz JS, Lima EM, Marciano RC, Lana LG, et al.
Risk factors for recurrent urinary tract infections in a cohort of pati-
ents with primary vesicoureteral reflux. Pediatr Infect Dis J 2010;
29:139-44.

Shim YH, Lee JW, Lee SJ. The risk factors of recurrent urinary tract
infection in infants with normal urinary systems. Pediatr Nephrol
2009;24:309-12.

Subcommittee on Urinary Tract Infection, Steering Committee on
Quality Improvement and Management, Roberts KB. Urinary tract
infection: clinical practice guideline for the diagnosis and manage-
ment of the initial UTI in febrile infants and children 2 to 24 months.
Pediatrics 2011;128:595-610.

. Kilicoglu G, Aslan AR, Oztiirk M, Karaman IM, Simsek MM. Vesicova-

ginal reflux: recognition and diagnosis using ultrasound. Pediatr
Radiol 2010;40:114-7.

Roberts KB. Revised AAP guideline on UTI in febrile infants and
young children. Am Fam Physician 2012;86:940-6.

Medical versus surgical treatment of primary vesicoureteral reflux:
report of the International Reflux Study Committee. Pediatrics
1981;67:392-400.

Moon JS, Lee SY, Nam CM, Choi JM, Choe BK, Seo JW, et al. 2007
Korean National Growth Charts: review of developmental process and
an outlook. Korean J Pediatr 2008;51:1-25

Practice parameter: the diagnosis, treatment, and evaluation of the
initial urinary tract infection in febrile infants and young children.
American Academy of Pediatrics. Committee on Quality Improve-
ment. Subcommittee on Urinary Tract Infection. Pediatrics 1999;
103(4 Pt 1):843-52.

Jantunen ME, Siitonen A, Ala-Houhala M, Ashorn P, Fohr A, Koski-
mies O, et al. Predictive factors associated with significant urinary
tract abnormalities in infants with pyelonephritis. Pediatr Infect Dis J
2001;20:597-601.

Martinell J, Claesson I, Lidin-Janson G, Jodal U. Urinary infection,
reflux and renal scarring in females continuously followed for 13-38
years. Pediatr Nephrol 1995;9:131-6.

. Larcombe J. Urinary tract infection in children: recurrent infections.

BMJ Clin Evid 2015;2015. pii: 0306.

. Orellana P, Baquedano P, Rangarajan V, Zhao JH, Eng ND, Fettich J,

et al. Relationship between acute pyelonephritis, renal scarring, and
vesicoureteral reflux. Results of a coordinated research project. Pediatr
Nephrol 2004;19:1122-6.

. Koff SA, Wagner TT, Jayanthi VR. The relationship among dysfunc-

tional elimination syndromes, primary vesicoureteral reflux and
urinary tract infections in children. J Urol 1998;160(3 Pt 2):1019-22.
Hiraoka M, Tsukahara H, Ohshima Y, Mayumi M. Meatus tightly


https://doi.org/10.3345/kjp.2017.60

26.

217.

28.

29.

covered by the prepuce is associated with urinary infection. Pediatr
Int 2002;44:658-62.

Zorc JJ, Kiddoo DA, Shaw KN. Diagnosis and management of pedi-
atric urinary tract infections. Clin Microbiol Rev 2005;18:417-22.
Wiswell TE, Roscelli JD. Corroborative evidence for the decreased
incidence of urinary tract infections in circumcised male infants.
Pediatrics 1986;78:96-9.

Ragnarsdottir B, Fischer H, Godaly G, Gronberg-Hernandez J,
Gustafsson M, Karpman D, et al. TLR- and CXCR1-dependent innate
immunity: insights into the genetics of urinary tract infections. Eur J
Clin Invest 2008;38 Suppl 2:12-20.

Davis LA, Chumley WEF. The frequency of vaginal reflux during
micturition--its possible importance to the interpretation of urine

30.

31.

32.

33.

34.

Korean J Pediatr 2018;61(1):17-23

cultures. Pediatrics 1966;38:293-4.

Stannard MW, Lebowitz RL. Urography in the child who wets. AJR
Am J Roentgenol 1978;130:959-62.

Fernandez-Ibieta M, Martinez-Castafio I, Guirao-Pifiera MJ, Vicente-
Calderon C, Piflero-Fernandez J, Zambudio-Carmona G, et al.
Vesicovaginal reflux and urocolpos. Arch Esp Urol 2015;68:502-5.
Balani A, Alwala S, Kumar DA, Karnawat A, Marda SS, Zanke RB.
Nonobstructive hydrocolpos due to vesicovaginal reflux: expanding
the differential diagnosis. Jpn J Radiol 2015;33:287-90.

Van Batavia JP, Ahn JJ, Fast AM, Combs AJ, Glassberg KI. Prevalence
of urinary tract infection and vesicoureteral reflux in children with
lower urinary tract dysfunction. J Urol 2013;190(4 Suppl):1495-9.
Faust WC, Diaz M, Pohl HG. Incidence of post-pyelonephritic renal
scarring: a meta-analysis of the dimercapto-succinic acid literature. J
Urol 2009;181:290-7.

https://doi.org/10.3345/kjp.2018.61.1.17 23


https://doi.org/10.3345/kjp.2017.60

