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Clinical Characteristics of Febrile Urinary Tract
Infection and Application of Thai Guideline Imaging
Recommendations Compared between Children Aged
2 Months to 2 Years and Children Aged 2 to 5 Years

Darin Siripiriyakul MD?, Kraisoon Lomjansook MD?, Anirut Pattaragarn MD?, Nuntawan Piyaphanee MD*

1 Division of Nephrology, Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Background: In 2014, the Thai Pediatric Nephrology Association (TPNA) launched a guideline for febrile urinary tract infection (UTI) in children
aged two months to five years. Renal and bladder ultrasound (RBUS) is recommended for first febrile UTI, and voiding cystourethrography (VCUG)
is recommended in patients with at least one of eight proposed risk factors.

Objective: To compare characteristics of febrile urinary tract infection (UTI), compliance with the imaging study recommendation regarding to
the TPNA guide, and kidney, ureter, and bladder (KUB) abnormality detections between children aged two months to two years and older than
two years to five years.

Materials and Methods: The present study was a retrospective study, reviewed children aged two months to five years presenting with first or
recurrent episode of febrile UTI between 2014 and 2019 at Siriraj Hospital. Clinical parameters during febrile UTI, indications to perform VCUG,
and kidney, ureter, and bladder (KUB) abnormality detections were compared between the younger group and the older group. RBUS and VCUG
undergone according to the recommendation were accounted for the compliance.

Results: The mean age of 259 younger and of 51 older age children was 8.2+5.6 and 40.0+10.9 months, respectively. Female gender (p=0.01),
complaint of constipation (p=0.03), abnormal bladder emptying (p<0.01), and renal impairment (p=0.03) were more frequent in the older than
the younger. Overall imaging study compliance was 73.9% and the KUB abnormality detection was 16.5%. High-grade vesicoureteral reflux (VUR)
was more common than low-grade VUR. The rates of compliance (p=0.45) and KUB abnormality detections (p=0.54) between the younger and
older children were not different.

Conclusion: Female gender, and bladder and bowel dysfunction were associated to febrile UTI in older children. The TPNA febrile UTI guideline
imaging recommendation was shown to be applicable in both younger and older children.
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Febrile urinary tract infection (UTI) isacommon  (VUR). Renal and bladder ultrasound (RBUS) has low

infection in young children significantly associated
with congenital abnormalities of kidney and urinary
tract (CAKUT)"), especially vesicoureteral reflux
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sensitivity, but high specificity for abnormal finding
on VCUG®Y, Published guidelines for febrile UTI
in infants and young children are from high-income
countries, and most included children aged up to two
to three years. RBUS is recommended for all febrile
UTI, and voiding cystourethrography (VCUQG) is
recommended in the patients who had recurrent
UTI, abnormal RBUS, or other atypical features®.
With shortcomings in antenatal care or prenatal
ultrasonography®! including underdiagnosis of UTI
in the rural areas, the guidelines may be different in
low- and middle-income countries compared to those
published in high-income countries.

In 2014, the Thai Pediatric Nephrology
Association (TPNA) launched a guideline for febrile
UTI in Thai children aged two months to five years!?.
The guideline includes the diagnosis of febrile UTI,
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treatment, imaging study, antibiotic prophylaxis,
evaluation of bladder and bowel dysfunction (BBD),
and indication for referral to a specialist. To detect
kidney, ureter, and bladder (KUB) abnormality, RBUS
is recommended as the first-line imaging study, and
VCUG is recommended if the patient had one or more
of eight proposed risk factors, including recurrent
UTI, abnormal RBUS, identified pathogen(s) other
than Escherichia coli (E. coli), abnormal bladder
emptying, UTI with septicemia, renal impairment,
first-degree relative of VUR, and suspicion of family
non-compliance. If VCUG was indicated, antibiotic
prophylaxis would be offered until VCUG could be
performed.

The aim of the present study was to investigate
the clinical characteristics of febrile UTI, the
compliance with TPNA guideline imaging study
recommendations and KUB abnormality detections
compared between children aged two months to two
years and children aged two to five years.

Materials and Methods

The authors conducted a retrospective study in
children aged two months to two years and children
aged two to five years who were diagnosed with
febrile UTI between January 2014 and December
2019 at Siriraj Hospital, which is a large tertiary
medical center located in Bangkok, Thailand. The
present study was approved by the Siriraj Institutional
Review Board of the Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand
(COA no. Si 556/2019). The need to obtain written
informed consent was waived due to the retrospective
nature of the study.

The authors included children who presented
at the present study center with their first or a
recurrent episode of febrile UTI with no known spinal
dysraphism and never underwent imaging study
prior to experiencing UTI. Febrile UTI was defined
as temperature of 38°C or higher, urinary finding of
positive nitrite or leucocyte esterase, or white blood
cell (WBC) of more than 5 cells/high-power field
(HPF), and bacterial growth of 10,000 colony-forming
units (CFU)/mL in catheterization urine or 100,000
CFU/mL in clean-catch midstream void urine, or if
there was any growth of a single uropathogen in a
suprapubic aspiration culture.

Demographic and clinical parameters collected
were age, gender, concomitant presentations, such
as constipation, phimosis or labial adhesion, renal
function, methods of urine collection and culture
results, hospitalization, antimicrobial treatment, and
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prescription and type of prophylactic antibiotics.
To evaluate compliance with TPNA imaging study
recommendations, the following indications for
performing VCUG were collected and recorded:
recurrent UTI, first-degree relative of VUR, abnormal
bladder emptying, renal function impairment as
estimated glomerular filtration rate (¢GFR) of less
than 60 mL/minute/1.73m?, identified pathogen(s)
other than E. coli, coexisting septicemia and UTI,
abnormal RBUS, and suspicion of family non-
compliance. The results of RBUS and VCUG were
also collected and reviewed. Diagnosis of KUB
abnormality, further episode of UTI, presence of
renal scarring as determined by dimercaptosuccinic
acid (DMSA) scan performed later than six months
after the UTI episode, and surgical treatment were
also obtained and analyzed.

Recurrent UTI was defined as two or more
episodes of febrile UTI. Abnormal bladder emptying
was characterized by the lower urinary tract symptoms
of straining, weak stream, or dysuria®. Estimated
GFR was calculated using the creatinine-based new
Schwartz’s equation?. Septicemia was defined as
positive hemoculture. Abnormal RBUS included
abnormal renal parenchyma, pelvicalyceal or ureteric
dilatation, ureterocele, or abnormal bladder findings.
Suspicion of family non-compliance was defined as
any family-associated factor that could adversely
impact the patient, including, but not limited to,
failure to attend scheduled follow-up, medication
non-adherence, inappropriate or inadequate hygiene
practices, failure to observe for or report symptoms,
and delayed seeking of medical care and treatment.
VUR was diagnosed and graded according to the
International Reflux Study in Children criteria>.
High-grade VUR was diagnosed when reflux was
graded I1I-V.

Statistical analysis

Patient demographic and clinical characteristics
were summarized using descriptive statistics and
the Kolmogorov-Smirnov test for normality testing.
Normally distributed continuous data were compared
using Student’s t-test, and the results were presented
as mean plus/minus standard deviation (SD).
Categorical data were compared using chi-square
test or Fisher’s exact test, and the results were given
as number and percentage. Statistical analysis was
performed using PASW Statistics, version 18.0
(SPSS Inc., Chicago, IL, USA), and a p-value of
less than 0.05 was considered to be statistically
significant.
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Table 1. Demographic and clinical characteristics of febrile UTI compared between children aged 2 months to 2 years and children

aged 2 years to 5 years

Characteristics 2 months to 2 years (n=259); n (%) >2 years to 5 years (n=51); n (%) p-value
Age (months); mean+SD 8.2+5.6 40.0+10.9 <0.01
Sex: female 113 (43.6) 32(62.7) 0.01
Concomitant presentation
Constipation 4(1.5) 4(7.8) 0.03
Phimosis (% in males) 67 (45.9) 8 (42.1) 0.31
Labial adhesion (% in females) 9 (8.0) 3(9.4)
Renal function measurement 165 (63.7) 32 (62.7)
eGFR (mL/minute/1.73m?), mean+SD 112.4+36.8 99.0+40.0 0.08
Urine collection by urethral catheterization 256 (98.8) 33 (64.7) <0.01
Organism 0.80
Escherichia coli 193 (74.5) 43 (84.3)
Non-Escherichia coli 66 (25.5) 8(15.7)
Hospitalization 216 (83.4) 38 (74.5) 0.16
Antimicrobial treatment
Third-generation cephalosporin 193 (74.5) 36 (70.6) 0.11
Antimicrobial prophylaxis 85 (32.8) 15 (29.4) 0.74
Bactrim 71(83.5) 12 (80.0)
Amoxycillin 9 (10.6) 2(13.3)

UTI=urinary tract infection; SD=standard deviation; eGFR=estimated glomerular filtration rate

A p<0.05 indicates statistical significance

Results

Three hundred ten children were included and
categorized into two groups consisting of children
aged two months to two years with 259 infants
(83.5%), and children aged of two to five years with
51 infants (16.5%) (Table 1). The mean age of the
younger group and the older group were 8.2+5.6
months and 40.0+10.9 months, respectively. In
the older group, female gender was significantly
predominant (p=0.01), and the proportion of patients
with constipation (p=0.03) was significantly higher
than in the younger group. In the younger group,
urethral catherization was significantly more often
used for urine collection for culture (p<0.01). There
were no significant differences in the prevalence of
phimosis/labial adhesion, renal function, types of
pathogens, hospitalization, or types of antimicrobial
therapy, or antimicrobial prophylaxis between the
younger and older groups.

One hundred forty (45.2%) patients had one or
more proposed risk factors indicating the need to
perform VCUG (Table 2). Older children presented
with abnormal bladder emptying significantly more
frequently (p<0.01). Renal impairment with eGFR
lower than 60 mL/minute/1.73m? was found only in
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the older group (p=0.03). There were no significant
differences in the prevalence of recurrent UTI,
abnormal RBUS, non-E. coli UTI, or coexisting
septicemia, and UTI between groups. First-degree
relative of VUR and suspicion of family non-
compliance were not found in either group.

RBUS was performed in 282 (91.0%) patients,
however, only 81 (57.9%) of 140 patients with one
or more risk factors indicating the need for VCUG
underwent VCUG. Four patients with no risk factors
underwent VCUG. The patients who did not comply
for RBUS (n=28), performed VCUG without the
indication (n=4), and not perform VCUG even
with the indication (n=49). Therefore, overall
compliance with the recommendation to perform
RBUS and to perform or not perform VCUG was
73.9% (n=229). The rates of compliance with the
imaging study recommendations were consistent
among the six years of the study period (p=0.60)
(Figure 1). Overall KUB abnormality was found in 51
(16.5%) patients. Nineteen (6.1%) children had VUR
accounting for 27 renal units. Of those, 16 (84.2%)
children had VUR with 21 renal units revealing high
grade with eight grade III, nine grade IV, and four
grade V.
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Table 2. The proposed risk factors that indicate the need to perform VCUG compared between children aged 2 months to 2 years and

children aged 2 years to 5 years

Risk factors 2 months to 2 years (n=259); n (%) >2 years to 5 years (n=51); n (%) p-value
Recurrent UTI 26 (10.0) 8(15.7) 0.23
Abnormal RBUS 44/234 (18.8) 8/48 (16.7) 0.84
Non-Escherichia coli pathogen 66 (25.5) 8(15.7) 0.15
Abnormal bladder emptying 5(1.9) 10 (19.6) <0.01
Septicemia (hemoculture positive) 9(3.5) 4(7.8) 0.24
Impaired renal function* 0(0.0) 2(3.9) 0.03
First-degree relative of VUR 0(0.0) 0(0.0)

Suspicion of family non-compliance 0(0.0) 0(0.0)

VCUG=voiding cystourethrography; UTI=urinary tract infection; RBUS=renal and bladder ultrasound; VUR=vesicoureteral reflux

* Defined as estimated glomerular filtration rate (eGFR) of <60 mL/minute/1.73m?

A p<0.05 indicates statistical significance

3
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= Compliance = Non-compliance P-value 0.60

Figure 1. Compliance versus non-compliance with of Thai
Pediatric Nephrology Association (TPNA) febrile urinary
tract infection (UTI) imaging guideline for Thai children
aged 2 months to 5 years between 2014 and 2019.

The rates of compliance with the imaging study
recommendations, abnormal finding on RBUS, or
VCUG, were not significantly different between the
younger and older age groups (Table 3). There were
also no significant differences in the prevalence of
KUB abnormality, further episode of UTI, renal
scarring, or the need for surgical treatment.

Discussion

The present retrospective study demonstrated
the younger had approximately five times higher
prevalence of febrile UTI than the older children.
Female gender, constipation, abnormal bladder
emptying, and renal impairment with eGFR of less
than 60 mL/minute/1.73m? were associated to febrile
UTTI in older children. At a rate of compliance with
TPNA guideline recommendations of about 75%, the
prevalence of KUB abnormality was 16.5%, VUR,
mostly high-grade VUR, was the most common
CAKUT.
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BBD is a significant risk factor of recurrent UTI,
especially in concomitant with VUR!®. High-grade
VUR, recurrent UTI, and VUR in older age children
were reported by studies to be significant risk factors
for renal scarring and chronic kidney disease!'’-".
The present study also showed that the older group
was associated with BBD, while the rates of VUR
and high-grade VUR were not different between the
younger and older age groups.

Physician compliance with the current febrile
UTI guidelines can be a challenge, and the true rates
of compliance are not known. Overall compliance
with the National Institute for Health & Care
Excellence (NICE) imaging guideline in children
with confirmed UTI was reported to be only 45%?2.
In the present study, overall compliance was higher
than the previous study. The compliance with the
TPNA RBUS recommendation was higher than the
compliance with the TPNA VCUG recommendation.
Regular education of UTI in the authors’ institute may
have helped to maintain the rates of compliance during
the study period. However, overall TPNA guideline
compliances were not significantly different between
younger and older age children.

Prevalence of CAKUT including VUR in the
present study was lower than the previous studies in
the last decade, which ranged from 35.4% to 45.4%>.
The decrease in the compliance to perform imaging
study may be attributed to the lower prevalence
of CAKUT and VUR. Furthermore, regarding the
application of criteria used to determine indication
for imaging study, including the TPNA guidance for
febrile UTI in young children? and other current
recommendations®?, the true prevalence of CAKUT
was not determined. Some types of CAKUT could
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Table 3. TPNA guideline compliance, imaging study findings, KUB abnormality detection and outcomes compared between children

aged 2 months to 2 years and children aged 2 years to 5 years

Variables 2 months to 2 years (n=259); n (%) >2 years to 5 years (n=51); n (%) p-value
Compliance with TPNA guideline imaging recommendation 189 (73.0) 40 (78.4) 0.45
Performed RBUS 234 (90.3) 48 (94.1) 0.88
Abnormal RBUS 44 (18.8) 8 (16.7) 0.84
Parenchymal 5 0
Pelvis/calyceal dilatation 34 8
Ureter 3 0
Bladder 2 0
Performed VCUG 69 (26.6) 16 (31.4) 0.19
Abnormal VCUG 18 (27.7) 8(50.0) 0.13
VUR Iz 6
Abnormal bladder 5 2
KUB abnormality 41 (15.4) 10 (21.6) 0.54
Primary VUR 13 6
High-grade 11 5
Low-grade 2 1
Isolated hydronephrosis 17 4
Extrarenal pelvis 2 0
Ureteropelvic junction obstruction 2 0
Ureterovesical junction obstruction 1 0
Renal parenchymal disease 2 0
Atrophic kidney 1 0
Renal calculi 1 0
Renal cyst 1 0
Detrusor sphincter dyssynergia 1 0
Further episode of UTI 16 (6.2) 5(9.8) 0.34
Performed DMSA 14 (5.4) 3(5.9) 1.00
Renal scar 10 2
Surgical treatment 11 (4.2) 2(5.9) 0.59
Ureteral reimplantation 5 2
Pyeloplasty 2 0
Ureteral stent 1 0
Circumcision 3 1

TPNA=Thai Pediatric Nephrology Association; KUB=kidney, ureter; and bladder; RBUS=renal and bladder ultrasound; VCUG=voiding cystourethrography;
VUR=vesicoureteral reflux; UTI=urinary tract infection; DMSA=dimercaptosuccinic acid scan

A p<0.05 indicates statistical significance

be missed, especially VUR, if VCUG was not
performed®-9, Nevertheless, in the present study,
there was no significant difference in the rates of
KUB abnormality detection between the younger and
older age groups.

The present study demonstrated the Thai
Guideline imaging recommendations is applicable
in patients aged two months to two years and older
than two years to five years. The TPNA recommends

1981

RBUS in all children with febrile UTT aged up to five
years, and further VCUG if those children had one
or more of the proposed eight risk factors. Using the
proposed risk factors as indications for the need to
perform VCUG, high-grade VUR was found more
often than low-grade VUR. The ability to detect high-
grade VUR was also found in the previous study by
Boonyatarp et al®”. However, the potential exists that
high-grade VUR could be missed, so children with
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first febrile UTI should be followed-up later. VCUG
should be performed in cases of recurrent febrile UTL.

High-grade VUR is more clinically significant
than low-grade VUR, which has the potential
for spontaneous resolution®®*”. Therefore, most
guidelines are based on significantly associated factors
to identify patients at risk, and then those patients are
scheduled to undergo VCUG. In the present study, the
prevalence of CAKUT was low, which means that
some children having VUR may have been missed,
and the VUR detected was mostly high grade. This
finding may suggest that the application of the risk
factors included in the TPNA guideline to indicate
the need for VCUG can identify high-grade VUR,
but that low-grade VUR could be missed.

The limitation of the present study were
retrospective design and single center. The first-
degree relative of VUR and suspicion of family non-
compliance, as the risk factors, could not be evaluated
in the study. Furthermore, the performance of the
proposed eight risk factors for high-grade VUR to
indicate the need to perform VCUG should be further
validated. In addition, physicians should be educated
and encouraged to comply with the TPNA febrile UTI
guideline, which will improve CAKUT and VUR
identification in young children.

Conclusion

The children aged two months to two years had
approximately five times higher prevalence of febrile
UTI than the children aged two years to five years.
Female gender, and bladder and bowel dysfunction
were associated to febrile UTI in older children. The
TPNA febrile UTI guideline imaging recommendation
was shown to be applicable in both younger and
older children including the compliance and KUB
abnormality detections.

What is already known on this topic?

Febrile UTI in young children is common
and associated to CAKUT. The TPNA febrile UTI
guideline recommends RBUS as the first-line imaging
study, and then VCUG, if the patient had one or more
of the eight proposed risk factors.

What this study adds?

The TPNA febrile UTI guideline imaging
recommendation is applicable in term of the
compliance and the KUB abnormality detection,
especially high-grade VUR, in both children aged
two months to two years and in children aged two
to five years.
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