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ABSTRACT

Background Extended-spectrum P-lactamase
(ESBL)-producing Escherichia coli has been increas-
ingly recognized as the cause of upper urinary tract in-
fection (UTI) in children. We have been using flomoxef
at our department since 2017 as the first-line empiric
therapy for children diagnosed with UTIs, and we avoid
using carbapenems, which are considered the first-line
treatment for ESBL-producing E. coli. However, reports
on the use of flomoxef for UTIs are limited, especially
for pediatric patients. The presence of vesicoureteral
reflux at the onset of pyelonephritis is a concern. Severe
vesicoureteral reflux can lead to repeated UTI and
future deterioration of renal function, but the indication
for voiding urethrography, which closely examines
the presence of vesicoureteral reflux complications, is
controversial.

Methods We retrospectively reviewed the laboratory
findings, treatment, and clinical course of 96 pyelo-
nephritis cases experienced at our department over a
7-year period from April 2014 to March 2021.

Results ESBL-producing E. coli were identified
as the cause of pyelonephritis in 51% of cases, and
this value was significantly higher (88%) in 2017. No
significant differences were found in the febrile period
or recurrence rate between the flomoxef-initiated group
and other antibiotics groups. We also examined clinical
indicators to predict vesicoureteral reflux and found no
significant differences in ultrasonographic findings of
hydronephrosis.

Conclusion In the present series, 51% of all pyelo-
nephritis cases were found to be caused by ESBL-
producing E. coli, with a significant increase in
recent years. Flomoxef may be a useful alternative to
carbapenem for ESBL-producing E. coli and the initial
antibiotic of choice for upper UTIs in children. The
indication for voiding cystourethrography should be
carefully determined.

Key words ESBL infections; urinary tract infections;
vesico-ureteral reflux
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Enterobacteriaceae are the most frequently isolated or-
ganisms causing upper urinary tract infection (UTI) in
children; however, reports have suggested the increasing
percentage of extended-spectrum [B-lactamase (ESBL)-
producing Escherichia coli.>> When ESBL-producing
bacteria are frequently isolated, initial treatment should
be based on the assumption that ESBL-producing bacte-
ria are the causative organisms. However, the use of car-
bapenems, which are the first-line treatment for ESBLs,
as initial therapy for pediatric UTIs is undesirable
from the standpoint of appropriate antimicrobial use.’
Flomoxef (FMOX)—classified under the category of
oxacefems—demonstrates high stability against ESBL
and is a candidate agent for the treatment of ESBL-
producing bacteria,* but reports on clinical results have
been limited.

Vesicoureteral reflux (VUR) has been reported as
a complication in 30%—40% of children with a history
of UTIL.> Severe reflux has been associated with repeti-
tive UTI and future deterioration of renal function.®
Although early diagnosis of VUR is important, in many
patients, voiding cystourethrography (VCUG) tests
demonstrate normal results. The indication for VCUG is
controversial and varies according to the institution ow-
ing to factors such as radiation exposure, pain associated
with the procedure, problems associated with medically-
induced UTTIs, etc. VCUG should be indicated only for
patients who are at a high risk for VUR. Recently, some
studies have suggested that procalcitonin is an indicator
of VUR, but its use in clinical settings is yet to be real-
ized.”3

The present study examined the prevalence of
UTlIs caused by ESBL and the usefulness of FMOX as
an initial treatment; in addition, the clinical indicators
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Table 1. Characteristics of the group started treatment with FMOX and the other antibiotics group

Pyelonephritis cases experienced in 7 years

Total

Started with FMOX

Other Antibiotics

n=96 n=T18 n=18 Palue
Age (month) 3(@4-14) 8 (5-14.8) 4.5(2.3-10.5) 0.04
Male/Female 42/54 31/47 11/7 0.119
Initial case/Recurrent case 82/14 68/10 14/4 0.291
Date of diagnosis(date) 4(2-4) 4(2-4) 2 (2-4) 0.193
CRP (mg/dL) 79 (4.7-12.1) 8.1(5.3-11.9) 6.37 (4.2-12.3) 0467
Leukocyte (/uL) 19,700 (15,775-22,625) 19,800 (16,575-23,000) 16,700 (15,000-21,950) 0.291
Procalcitonin (ng/mL) 1.3 (0.3-3.9) 1.3 (0.3-3.5) 1.4 (0.3-9.8) 0.688
Febrile period (hour) 20 (15-42) 20 (15-42) 27 (17-40) 0.369
Duration of treatment (day) 14 (14-15) 14 (14-15) 15 (14-16) 0.366
Hydronephrosis 16/96 (16.7%) 13/78 (16.7%) 3/18 (16.7%) 1
Performed VCUG* 65/96 (67.7%) 51/78 (65.4%) 14/18 (77.8%)
VURT 14/96 (14.6%) 9/51 (17.6%) 5/16 (31.3%) 0.295
Recurrence of UTI 15/88 (17.0%) 12/73 (16.4%) 3/15 (20%) 0.3

*Including cases performed at other hospitals. fIncluding cases already known at the time of diagnosis and those performed at other
hospitals. Data are expressed as median (range) or z (cases). CRP, C-reactive protein.

used for predicting VUR were investigated.

MATERIALS AND METHODS

Children with pyelonephritis, excluding those diag-
nosed with acute focal bacterial nephritis, who were
hospitalized and treated for upper UTI at our pediatric
department in Matsue, Shimane Prefecture over a 7-year
period from April 2014 to March 2021 were evaluated.
Patient background, blood and urine test results, urine
culture results, treatment outcomes, and prognosis were
retrospectively reviewed using medical records. Upper
UTI was diagnosed when the patient had fever with no
other identifiable causes, and urine culture was obtained
via intravesical sterile catheterization or, in older chil-
dren, via intermediate urine culture method at 10* CFU/
mL or higher. Febrile period was defined as the period
from the start of initial antimicrobial administration to
the time when the body temperature remained below
37.5°C and fever was considered to be resolved. Body
temperature was measured at four time points in the
pediatric ward (7:00, 10:00, 14:00, and 19:00), although
measurements obtained at other time points were also
included.

Statistical analysis

The Mann—Whitney U test was used to compare
continuous variables, whereas Fisher’s exact test was
used to compare frequencies. A p value of < 0.05 was
considered to indicate a significant difference.

Ethical considerations
This study was approved by the institutional review
board of our institute (No. 4B-0015).

RESULTS

A total of 96 pyelonephritis cases (42 boys and 54 girls)
were included. The patient background is summarized
in Table 1. The median age was 8 (range, 4—14) months,
and 68% were < 1 year old (Fig. 1). The median date
of diagnosis was 4 days. Among the included children,
16.7% showed hydronephrosis on ultrasonography,
67.7% underwent the VCUG test, and 14.6% exhibited
VUR. No serious cases were noted. Urine culture
results showed ESBL-producing E. coli in 49 cases
(51%), non-ESBL-producing E. coli in 40 cases (41%),
and Staphylococcus aureus in 2 cases. Klebsiella
pneumoniae, simultaneous isolation of ESBL-producing
E. coli and Klebsiella oxytoca, Enterococcus faecalis,
Serratia marcescens, and Raoultella planticola were
each found in one case (Fig. 2). As a cause of upper
UTI, the number of cases with ESBL-producing E. coli
has been increasing since 2015, with reports showing
that 88% of cases in 2017 were due to ESBL-producing
E. coli (Fig. 3). With the increase in the aforementioned
causative agent, our department has selected FMOX
(60—80 mg/kg/day) as the first-line treatment for chil-
dren diagnosed with UTI since 2017 (Fig. 4); however,
no significant differences were observed in the febrile
period and recurrence rate between the FMOX-initiated
group and other antibiotics groups (P = 0.369, 0.3) (Table
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Fig. 1. Background: Age. Among the children with pyelonephri-
tis, 68% were younger than 1 year.

1). Background between the FMOX initiation group
and the other antibiotics groups showed a significant
difference only in age. Among the 78 patients started
on initial FMOX treatment, 3 (including 2 ESBL-
producing E. coli) did not achieve resolution of fever
and were switched to a broad-spectrum antibiotic, such
as meropenem (MEPM). Only two patients received
MEPM treatment from the beginning.

| Enterococcus faecalis n=1 ’\

| Klebsiella pneumonjae n=1

ESBLproducing £.coli+ Klebsiella oxytoca
n=1

N

ESBL non-producing £.coli ESBLproducing £.coli
n=40 n=49

Since 2018, our department has narrowed the
indications for VCUG testing to cases with abnormal ul-
trasonography, clinically atypical cases, recurrent cases,
and cases in which the parents wanted the test per-
formed, consequently decreasing the rate of testing (Fig.
5). The percentage of patients with VUR has remained
between 11% and 43% of those who underwent VCUG.
After examining only first-episode pyelonephritis, we
found no significant differences in age (in months),
sex, bacteria detected via urine culture (in cases where
bacteria other than E. coli were detected), blood sam-
pling results (i.e., procalcitonin and C-reactive protein),
or complication rate of hydronephrosis via ultrasound
examination in patients with or without VUR (Table
2). Notably, the study included two patients with grade
III-IV VUR of initial urinary tract infection without
ultrasound findings (Fig. 6). The time of the febrile
period was significantly longer in the group with VUR
(59 h) than in the group without VUR (20 h) (P < 0.05).
Procalcitonin (PCT) levels were 1.8 ng/mL and 12.3
ng/mL in two patients with Grade III or higher VUR,
respectively.

DISCUSSION

ESBL-producing bacteria were first reported in Europe
in the 1980s, and they have been detected in Japan from
the 2000s.?> Drug susceptibility surveillance of clinical
isolates across all ages in Japan showed that 4.3% of
the E.coli that caused UTI cases in 2006 were attribut-
able to ESBL-producing E. coli,” with the percentages
increasing to 17.1% by 2012.1° A previous study showed

Serratia marcescens n=1

Raoultella planticola n=1

Fig. 2. Urine culture results. Urine culture results showed ESBL-producing Escherichia coli in 49 cases (51%), non-ESBL-producing E.
coli in 40 cases (41%), and Staphylococcus aureus in 2 cases. Klebsiella pneumoniae, simultaneous isolation of ESBL-producing E. coli
and Klebsiella oxytoca, Enterococcus faecalis, Serratia marcescens, and Raoultella planticola were each present in one case.
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Fig. 3. Annual trends in ESBL-producing E. coli. Percentage figures indicate that of ESBL-producing Escherichia coli. ESBL-
producing E. coli accounted for 51% of all cases and 88% of cases in 2017.
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Fig. 4. Annual changes in initial antimicrobial selection. Our department has been utilizing flomoxef (FMOX) as the first-line treatment
for children diagnosed with urinary tract infection since around 2017. ABPC, aminobenzylpenicillin; CTRX, ceftriaxone; SBT/ABPC,
sulbactam/aminobenzylpenicillin.

that the detection rate of ESBL-producing E. coli in  aforementioned study. Given that the detection rate of
children from the Izumo district of Shimane Prefecture =~ ESBL-producing E. coli varies widely from one region
was 68% in 2016.! Accordingly, the current study of the ~ to another, it is necessary to refer to the epidemic situa-
Matsue district of Shimane Prefecture found a rate of  tion and reports in each region. When ESBL-producing
88% in 2017, which was higher than that reported in the ~ bacteria are frequently isolated, initial treatment should
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Fig. 5. Annual changes in the percentage of VCUG tests performed. *Percentage of VCUG tests performed. **Positive rate of VCUG
tests. Since around 2018, the rate of VCUG testing at our department has decreased.

Table 2. Differences patients between with and with-
out vesicoureteral reflux

VUR No VUR P

n=9 n=50 value
Age (month) 10.0 (5-14) 5.5(4-8.75) 0.177
Male/Female 3/6 25/25 0.477
Non E.coli 0 2 1
CRP(mg/dL) 8.97 (745-12.1) 9.12(5.79-13.2) 0.966
Leukocyte (/uL) 21,800 19950 0.689
Procalcitonin (ng/mL) 1.26 (0.2—4.42) 1.56 (0.5-6.0)  0.482
Febrile period (hour) 59 (20-65) 20(14.3-38.5) 0.0117
Hydronephrosis 2 8 0.641

Data are expressed as median (range) or # (cases).

be based on the assumption that they are the causative
organisms. However, the use of carbapenems, which
are considered the first-line antibiotics for ESBL, for
the initial treatment promotes the development of
carbapenem-resistant bacteria and is undesirable from
the viewpoint of suitable antibacterial drugs.!! FMOX,
classified as an oxacefem with a difluoromethylthioacet-
amide group at position 7, is highly stable against ESBL
and is a candidate agent for the treatment of infection
caused by ESBL-producing bacteria.* However, reports
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on clinical results have been limited, especially in
pediatric patients. At our department, FMOX has been
the first choice for children diagnosed with UTI since
2017. No significant differences were observed in the
febrile period and recurrence rate between the FMOX-
initiated group and other antibiotics groups, suggesting
that FMOX may be a useful alternative carbapenem
antibiotic for UTIs caused by ESBL-producing E. coli.
The cause of the change in the percentage of ESBLs
within the observation period is unknown, but the
effect of changes in therapeutic agents is less likely. In
addition, no severe cases were observed in the current
report. The results of FMOX treatment in adult ESBL
bacteremia have been reported to be inferior to those of
carbapenems,'? suggesting that the choice of antibiotics
should be carefully considered in cases with severe
infection. In addition, there were 3 cases in which
treatment was initiated with FMOX but was switched
to a broad-spectrum antibacterial agent such as MEPM
when fever was not resided. All of the cases showed
good sensitivity to FMOX in vitro. If fever is not re-
sided, it may be required to switch to a broad-spectrum
antimicrobial agent. Furthermore, as the number of
cases in the MEPM-initiated group was small (2 cases),
comparison with FMOX-initiated group could not be
done in this study.

Estimates have shown that 30%—-40% of children
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Fig. 6. Relationship between the findings of hydronephrosis on renal ultrasonography and results of VCUG testing and recurrence.
Among the 96 cases, 65 underwent VCUG testing. A total of 44 of those 65 cases with no abnormal RUS and no VUR are excluded
from the figure. There were 2 cases reported with UTI for the first time without ultrasonographic findings with grade III-IV VUR. o:
Patients without recurrence and with abnormal RUS. e: Patients with recurrence and abnormal RUS. A: Patients without recurrence and
without RUS abnormality. A: Patients with recurrence and without RUS abnormality.

with a history of UTI are complicated by VUR.*
Examinations after a diagnosis of upper UTI are
performed to prevent repeat upper UTI, renal scarring,
and subsequent progression to chronic renal failure.!® 4
The 1999 American Academy of Pediatrics (AAP)
guidelines recommended VCUG and renal ultrasonog-
raphy for all cases of upper UTI from 2 months to 2
years of age, even for first-time cases.'* However, the
2011 revision does not recommend testing in all cases;
rather, it recommends that VCUG testing be performed
in cases of abnormal ultrasonography or clinically
atypical cases.”” The NICE guidelines also recommend
ultrasonography and VCUG testing in atypical clinical
or recurrent cases.'® In their validation reports, Narch
et al. and Ristola et al. suggested the possibility of
missing high-level VURs.!7"!? Indications for VCUG
testing vary from one facility to another. At our depart-
ment, for all patients with UTI, radiologists perform
ultrasonography to confirm the presence or absence of
hydronephrosis, and VCUG examination is performed
for patients requiring abnormal ultrasonography, for
clinically atypical and recurrent cases, and for children
on parents’ request.

The accuracy of diagnosing VUR using ultra-
sonographic abnormalities is considered low, with a
sensitivity and specificity of 27%—46% and 85%-91%,
respectively.? 2! The present study also included two
cases of initial UTI without ultrasound findings in
patients with grade III-IV VUR (Fig. 6), emphasizing
that ultrasound findings alone cannot be used to predict

the presence or absence of VUR and that VUR may be
overlooked.

For pyelonephritis, an association between fever
duration and renal scar formation has been suggested.
Karavanaki et al. described a significant increase in ir-
reversible lesions on dimercaptosuccinic acid scintigra-
phy when the fever duration was > 48 h after the start of
treatment; however, in their multiple regression analysis,
they reported that the effect of fever duration on lesions
disappeared after correcting for delayed treatment ini-
tiation, presence of VUR, age, and C-reactive protein.??
In the current study, the time of febrile period was
significantly longer in the group with VUR, suggesting
a higher risk of renal scarring. Although it is necessary
to consider other factors, such as infection severity and
timing of treatment initiation, to determine whether a
longer time of febrile period could be a predictive factor
for VUR, it is possible that patients with anatomical
abnormalities may have difficulty in resolving fever,
which may be one of the indications for VCUG testing.

Serum PCT has been suggested as a biomarker for
severe VUR and reflux nephropathy. High PCT levels
have been associated with high bacterial inflammation
of the renal parenchyma, which may later shift from
inflammatory lesions to scar lesions.?* Leroy et al.
stated that UTI in children with high PCT are highly
complicated with advanced VUR.”® They suggested
that VCUG testing should be performed in cases with
PCT of > 0.17 ng/mL when urethral dilation is observed
on ultrasound, and > 0.63 ng/mL in cases with no
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dilation. Furthermore, 0.5 ng/mL was reported as an ap-
propriate cutoff value in another meta-analysis study. In
the current study, PCT values did not significantly differ
between those with or without VUR. There were 2
cases with > grade III VUR, which could not be exam-
ined in this study due to the small number of cases. The
effect of the difference in timing of the PCT test and the
fact that the VCUG examinations were not performed in
all cases should also be considered.

Although early diagnosis of VUR is important, in
many cases, VCUG test can reveal normal results. At
our department, the indications for VCUG testing are
limited based on the guidelines related to the factors
such as radiation exposure, pain associated with the
procedure, UTIs caused by drugs, and the appropriate
use of medical resources.?* In the present study, no clear
benefits of PCT were observed. However, it was evident
that ultrasonography findings alone cannot be used to
predict the presence or absence of VUR, owing to which
VUR may be overlooked. Despite the small number of
cases and the need for further studies, we assume that
the highly accurate prediction of VUR using clinical
indices is difficult. The indication for VCUG testing
should be further investigated, including the evaluation
of long-term prognosis of renal function.

Because it is difficult to narrow the indications for
VCUG based on clinical indicators, it is important to
educate children and their families about the advantages
(e.g., reducing the chance of missing a VUR) and
disadvantages (e.g., radiation exposure) of performing
VCUG. Moreover, careful follow-ups to check for a
recurrence of UTI is necessary regardless of whether
the test has been performed.

This study has several limitations. The small num-
ber of cases made it difficult to compare FMOX- and
carbapenem-initiated groups, and there was a significant
difference in age between FMOX and other antimicro-
bial initiated groups. It was also difficult to compare
the clinical index of VUR>3, which is clinically more
important.

We herein report our experience with a series of
96 cases of pyelonephritis at our department. Notably,
ESBL-producing E. coli accounted for 51% of all cases,
with a significant increase in recent years. In conclusion,
FMOX may be a useful alternative carbapenem antibi-
otic for ESBL-producing E. coli and may be the initial
antibiotic of choice. Additionally, given the difficultly of
predicting VUR based on clinical indicators, sufficient
explanation to the children and their family about per-
forming VCUG and possibility of reccurence of UTI, is
necessary. Moreover careful follow-up is important.

110

Acknowledgments: We would like to thank Enago (www.enago.
jp) for English language editing.

The authors declare no conflict of interest.

REFERENCES

1 Horie A, Koike D, Hirade T, Suemitsu K, Nariai A, Kitamura
R, et al. Dramatic increase in the incidence of upper urinary
tract infection caused by Extended-spectrum beta-lactamase-
producing Escherichia coli in children in Izumo city. J Jpn
Pediatr Soc. 2018;122:27-34.
Nakamura T, Komatsu M, Yamasaki K, Fukuda S, Miyamoto
Y, Higuchi T, et al. Epidemiology of Escherichia coli,
Klebsiella species, and Proteus mirabilis strains producing
extended-spectrum B-lactamases from clinical samples in the
Kinki Region of Japan. Am J Clin Pathol. 2012;137:620-6.
DOI: 10.1309/AJCP48SPDVKWQOXEZ, PMID: 22431539
Funaki S, Matsubara K, Sato T, Shimozono H, Okano R.
Study of clinical efficacy of cefmetazole for commutinity-
acquired periatric urinary tract infection. J Pediatr Infect Dis
Immunol. 2021;33:7-14.
Yoshikawa K, Moritake J, Suzuki K, Kira S, Koide H, Kiyota
H, et al. Prevalence and drug-susceptibilities of extended-
spectrum [} -lactamase producing Escherichia coli strains
isolated from urine. Jpn J Chemother. 2014;62:198-203.
Tullus K, Shaikh N. Urinary tract infections in children. Lan-
cet. 2020;395:1659-68. DOI: 10.1016/S0140-6736(20)30676-0,
PMID: 32446408
Smellie JM, Prescod NP, Shaw PJ, Risdon RA, Bryant TN.
Childhood reflux and urinary infection: a follow-up of 10-
41 years in 226 adults. Pediatr Nephrol. 1998;12:727-36. DOI:
10.1007/s004670050535, PMID: 9874316
Leroy S, Romanello C, Galetto-Lacour A, Smolkin V,
Korczowski B, Rodrigo C, et al. Procalcitonin to reduce the
number of unnecessary cystographies in children with a
urinary tract infection: a European validation study. J Pediatr.
2007;150:89-95. DOI: 10.1016/j.jpeds.2006.08.066, PMID:
17188622
Leroy S, Bouissou F, Fernandez-Lopez A, Gurgoze MK,
Karavanaki K, Ulinski T, et al. Prediction of high-grade
vesicoureteral reflux after pediatric urinary tract infection:
external validation study of procalcitonin-based decision
rule. PLoS One. 2011;6:€29556. DOI: 10.1371/journal.
pone.0029556, PMID: 22216314
Yamaguchi K, Ishii Y, Iwata M, Watanabe N, Uehara N,
Yasujim M, et al. Nationalwide.
Yamaguchi K, Ishii Y, Tateda K, Iwata M, Watanabe N,
Shinagawa M, et al. [Nationwide surveillance of parenteral
antibiotics containing meropenem activities against clinically
isolated strains in 2012]. Jpn J Antibiot. 2014;67:73-107.
PMID: 24956909
Armand-Lefévre L, Angebault C, Barbier F, Hamelet E,
Defrance G, Ruppé E, et al. Emergence of imipenem-resistant
gram-negative bacilli in intestinal flora of intensive care
patients. Antimicrob Agents Chemother. 2013;57:1488-95.
DOI: 10.1128/AAC.01823-12, PMID: 23318796

11

© 2023 Tottori University Medical Press


https://doi.org/10.1309/AJCP48PDVKWQOXEZ
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22431539?dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30676-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32446408?dopt=Abstract
https://doi.org/10.1007/s004670050535
https://doi.org/10.1007/s004670050535
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9874316?dopt=Abstract
https://doi.org/10.1016/j.jpeds.2006.08.066
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17188622?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17188622?dopt=Abstract
https://doi.org/10.1371/journal.pone.0029556
https://doi.org/10.1371/journal.pone.0029556
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22216314?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24956909?dopt=Abstract
https://doi.org/10.1128/AAC.01823-12
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23318796?dopt=Abstract

12

13

14

15

16

17

Pyelonephritis cases experienced in 7 years

Lee CH, Su LH, Chen FJ, Tang YF, Li CC, Chien CC, et al.
Comparative effectiveness of flomoxef versus carbapenems
in the treatment of bacteraemia due to extended-spectrum
f-lactamase-producing Escherichia coli or Klebsiella pneu-
moniae with emphasis on minimum inhibitory concentration
of flomoxef: a retrospective study. Int J Antimicrob Agents.
2015;46:610-5. DOL: 10.1016/j.ijjantimicag.2015.07.020, PMID:
26387064

Kaneko K. Urinary tract infection in children: up-to-date. J
Pediatr Infect Dis Immunol. 2021;33:58-65.

American Academy of Pediatrics. Committee on Quality
Improvement. Subcommittee on Urinary Tract Infection.
Practice parameter: the diagnosis, treatment, and evaluation
of the initial urinary tract infection in febrile infants and
young children. Pediatrics. 1999;103:843-52. DOI: 10.1542/
peds.103.4.843, PMID: 10103321

Roberts KB; Subcommittee on Urinary Tract Infection,
Steering Committee on Quality Improvement and Manage-
ment. Urinary tract infection: clinical practice guideline for
the diagnosis and management of the initial UTI in febrile
infants and children 2 to 24 months. Pediatrics. 2011;128:595-
610. DOLI: 10.1542/peds.2011-1330, PMID: 21873693
National Institute for Health and Care Excellence [internet].
UK: urinary tract infection in under 16s: diagnosis and
management 2007 [cited Aug 14 2022]. Available from:
https:/www.nice.org.uk/guidance/cg54/resources/urinary-
tract-infection-in-under-16s-diagnosis-and-management-
pdf-975507490501.

Narchi H, Marah M, Khan AA, Al-Amri A, Al-Shibli A. Re-
nal tract abnormalities missed in a historical cohort of young
children with UTTI if the NICE and AAP imaging guidelines
were applied. J Pediatr Urol. 2015;11:252.e1-7. DOI: 10.1016/
jJjpurol.2015.03.010, PMID: 25979215

111

18

19

20

21

22

23

24

Hurme T, Ristola M. NICE guidelines cannot be recom-
mended for imaging studies in children younger than 3 years
with urinary tract infection. Eur J Pediatr Surg. 2014;25:414-
20. DOI: 10.1055/s-0034-1384646, PMID: 25077594

Ristola MT, Hurme T. Consequences of following the new
American Academy of Pediatrics guidelines for imaging chil-
dren with urinary tract infection. Scand J Urol. 2015;49:419-
23. DOI: 10.3109/21681805.2015.1009485, PMID: 25660228
Kimata T, Kitao T, Yamanouchi S, Tsuji S, Kino M, Kaneko
K. Voiding cystourethrography is mandatory in infants
with febrile urinary tract infection. Tohoku J Exp Med.
2013;231:251-5. DOIL: 10.1620/tjem.231.251, PMID: 24270100
Montini G, Zucchetta P, Tomasi L, Talenti E, Rigamonti W,
Picco G, et al. Value of imaging studies after a first febrile
urinary tract infection in young children: data from Italian
renal infection study 1. Pediatrics. 2009;123:¢239-46. DOI:
10.1542/peds.2008-1003, PMID: 19139086

Karavanaki K, Koufadaki AM, Soldatou A, Tsentidis C,
Sourani M, Gougourelas D, et al. Fever duration during
treated urinary tract infections and development of permanent
renal lesions. Arch Dis Child. 2019;104:466-70. DOI: 10.1136/
archdischild-2017-314576, PMID: 30389675

Utsunomiya Y, Kaji S, Hayashibara H, Nagaishi J, Okada S.
Indication of voiding cystourethrography for infants with first
urinary tract infection based on risk factors for high grade
vesicoureteral reflux. Nihon Shoni Jinzobyo Gakkai Zasshi.
2017;30:126-34. DOI: 10.3165/jjpn.0a.2017.0120

Yamamo S, Ishikawa Y, Hayami H, Nakamura M, Miyairi
I, Hoshino T, et al. JAID/JSC Kansensyo chiryo gaidorain
2015. Kansenshogaku Zasshi. 2016;90:1-30. DOIL: 10.11150/
kansenshogakuzasshi.90.1 Japanese.

© 2023 Tottori University Medical Press


https://doi.org/10.1016/j.ijantimicag.2015.07.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26387064?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26387064?dopt=Abstract
https://doi.org/10.1542/peds.103.4.843
https://doi.org/10.1542/peds.103.4.843
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10103321?dopt=Abstract
https://doi.org/10.1542/peds.2011-1330
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21873693?dopt=Abstract
https://www.nice.org.uk/guidance/cg54/resources/urinary-tract-infection-in-under-16s-diagnosis-and-management-pdf-975507490501
https://www.nice.org.uk/guidance/cg54/resources/urinary-tract-infection-in-under-16s-diagnosis-and-management-pdf-975507490501
https://www.nice.org.uk/guidance/cg54/resources/urinary-tract-infection-in-under-16s-diagnosis-and-management-pdf-975507490501
https://doi.org/10.1016/j.jpurol.2015.03.010
https://doi.org/10.1016/j.jpurol.2015.03.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25979215?dopt=Abstract
https://doi.org/10.1055/s-0034-1384646
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25077594?dopt=Abstract
https://doi.org/10.3109/21681805.2015.1009485
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25660228?dopt=Abstract
https://doi.org/10.1620/tjem.231.251
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24270100?dopt=Abstract
https://doi.org/10.1542/peds.2008-1003
https://doi.org/10.1542/peds.2008-1003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19139086?dopt=Abstract
https://doi.org/10.1136/archdischild-2017-314576
https://doi.org/10.1136/archdischild-2017-314576
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30389675?dopt=Abstract
https://doi.org/10.3165/jjpn.oa.2017.0120
https://doi.org/10.11150/kansenshogakuzasshi.90.1
https://doi.org/10.11150/kansenshogakuzasshi.90.1

