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¡ Medicine is full of beliefs – some true 
and some false, some harmful and some 
not

Craig JC & Williams GJ. Denominators do matter: it’s a myth – urinary tract infection does 
not cause chronic kidney disease. Pediatrics 2011; 128: 984-985



¡ Recognize incidence and risk factors for UTIs in various 
pediatric populations

¡ Develop an evidence-based approach to the diagnosis 
and treatment of UTIs in infants and children

¡ Understand the role of imaging of kidneys and urinary 
tract 

¡ Appraise the controversies surrounding renal scarring 
and VUR

¡ Be aware of key outcomes of recent clinical trials 
examining antibiotic prophylaxis and surgery (recurrent 
infections, renal scarring, chronic kidney disease)

¡ Which patients to refer ?



¡ National Institute for Health and Clinical Excellence (NICE). Urinary tract infection in children. 

§ https://www. nice.org.uk/Guidance/cg54

¡ American Academy of Pediatrics (AAP) guideline

§ Roberts KB et al. Urinary tract infection: clinical practice guideline for diagnosis and management of the initial UTI 

in febrile infants and children 2 to 24 months. Pediatrics 2011;128:595-610

¡ Canadian Pediatric Society (CPS)

§ Robinson JL et al. Urinary tract infections in infants and children: diagnosis and management. Paediatr Child Health 

2014;19:315-25

¡ European Association of Urology (EAU) and European Society for Pediatric Urology (ESPU) guideline

§ Stein R et al. Eur Urol 2015;67:546-58

¡ “Reaffirmation of AAP Pediatric Clinical Practice Guideline”

§ Pediatrics 2016; 138: e20163026

¡ Recent review of published  guidelines

§ Okarska-Napierala M et al. Urinary tract infection in children: Diagnosis, treatment, imaging - Comparison of 

current guidelines. J Pediatr Urol 13: 567-573, 2017



¡ Prevalence and incidence of pediatric UTI varies by 

age, gender, ethnicity, and circumcision status

¡ Incidence of UTI during 1st yr of life is 2.15 %

§ Similar in girls and boys (USA; UK)

¡ Prevalence of UTI

§ By age seven, 8% of girls and 2% of boys will have had at 

least one UTI

§ By age 16, 10% of girls and 3% of all boys will have 

experienced a UTI

¡ Recurrence risk for UTI is 10-30%

§ Most recurrences w/in 12 months of first infection

Schoen et al. Pediatrics 2000; Freedman AL J Urol 2005; Schmidt B. Urol Clin N Am 2015



¡ 75-80 % of all UTIs are caused by E. coli

§ Remainder: other Enterobacteriaceae, Pseudomonas and 

Proteus spp., Enterococcus faecalis

§ S. saprophyticus [mainly cystitis in young women]

¡ Viral UTI is extremely rare (immunosuppressed 

patients) 

§ Adenovirus, Polyoma virus (BK virus)

Schoen et al. Pediatrics 2000; Freedman AL. J Urol 2005; 
Schmidt B, Copp HL. Urol Clin N Am 2015



¡ Clean catch mid-stream void, bladder 

catheterization or SPA for diagnosis 

¡ Collection bag only as a method of exclusion

¡ Significant bacterial counts (cut-off)

§ Catheterization: >104 CFU/ml 

§ Clean voided urine: >105 CFU/ml 

§ SPA: any growth of bacteria

From Okarska-Napierala M et al. Urinary tract infection in children: Diagnosis, treatment, 
imaging - Comparison of current guidelines. J Pediatr Urol 13: 567-573, 2017



Neonates appeared more frequently with low-grade
fever of short duration, whereas infants/young children
presented with higher temperature of longer duration
(Table 2). Fever disappeared promptly after treatment; its
duration was significantly shorter in neonates than in
infants/young children. It lasted for more than 3 days only
in 14 of the 234 infants/young children. Furthermore,
neonates with UTI often had non-specific symptoms such
as poor feeding, jaundice, lethargy and grunting. There
were no significant differences for peripheral WBC count,
ESR, CRP concentration (Table 2), or microscopic urinal-
ysis between neonates and infants/young children
(P>0.05).

During the first UTI episode there was no statistically
significant difference in the incidence of reflux, urinary
tract abnormalities other than reflux or pyelonephritis in
neonates and infants/young children (Table 3). Also,
comparison of neonates, infants beyond the neonatal
period (1 month to 12 months) and young children (13
months to 24 months) showed no significant differences in
the incidence of reflux, urinary tract abnormalities other
than reflux or pyelonephritis; however, there was a slight
decrease in reflux rate (24%, 21% and 17%, respectively)
and a slight increase in pyelonephritis rate (39%, 39% and
43%, respectively) with increasing age.

Vesicoureteral reflux (VUR) was detected in 14 of 51
(27%) male and one of 11 female neonates (Fisher’s exact
test P=0.27). In the group of infants/young children there
were 22 of 115 (19%) boys and 25 of 119 (21%) girls with
reflux (x2=0.038, P=0.845). Of the 62 patients with reflux,
29 had bilateral reflux (24 infants/young children and five
neonates) and 33 had unilateral reflux (23 infants and ten
neonates). There were 20 refluxing ureters in neonates (two
grade II, eight grade III, three grade IVand seven grade V)

and 71 in infants/young children (five grade I, 22 grade II,
23 grade III, 16 grade IV and five grade V). Severe reflux
(grade III or more) in one ureter was detected in 30 patients
(ten neonates and 20 infants/young children), whereas two
severely refluxing ureters were identified in 16 patients
(four neonates and 12 infants/young children). Increased
VUR severity was not associated with bilateral disease
(x2=0.00, P>0.999).

Urinary tract abnormalities appeared with similar fre-
quency among male and female neonates and infants/
young children. They were detected in four of 51 (8%)
male and one of 11 female neonates (Fisher’s exact test
P>0.999). In the group of infants/young children 11 of 115
(10%) boys and nine of 119 (8%) girls had urinary tract
abnormalities (P=0.754). The overall rate of urinary tract
abnormalities was 9% for boys and 8% for girls (P=0.84).
The urinary tract abnormalities were: variable degree of
hydronephrosis in 13 patients, uretero-hydronephrosis in
one, pelvocaliectasis in four, double collecting system in
nine, posterior urethral valve in two and bladder diverticula
in two. Four patients had two or more abnormalities
simultaneously.

Congenital dysplastic kidneys were detected in one
neonate and four infants/young children (two male and
three female). VUR grade IV or V was present in the
homolateral side of the four patients with dysplastic kidney,
and uretero-hydronephrosis in one.

Pyelonephritis was more prevalent among female
neonates and infants/young children, although the differ-
ence among neonates was not statistically significant.
Pyelonephritis was detected in 19 of 51 (37%) male and
five of 11 female neonates (Fisher’s exact test P=0.74). In
the group of infants/young children there were 37 of 115
(32%) boys and 57 of 119 (48%) girls with pyelonephritis
(P=0.020). In total, 34% of boys and 47% of girls had
pyelonephritis (P=0.038). Furthermore, pyelonephritis was
detected in 40 (65%) of the 62 patients with VUR (in nine
of 15 neonates and in 31 of 47 infants/young children) and
in 78 (33%) of the 234 patients without VUR (in 15 of 47
neonates and in 63 of 187 infants/young children)
(P<0.0001). In addition, 21 (84%) of the 25 patients with
urinary tract abnormalities other than reflux (four of five
neonates and 17 of 20 infants/young children) presented
with pyelonephritic lesions, whereas only 97 (36%) of the
271 patients without urinary tract abnormalities had renal
lesions (twenty of 57 neonates and 77 of 214 infants/young
children) (P<0.0001).

Neonates with reflux were statistically more often
affected by Gram-negative bacteria other than E. coli
than were the neonates without reflux, in whom E. coli was
the predominant bacterium (Fisher exact test P=0.0008).
The Gram-negative bacteria other than E. coli isolated in
neonates with reflux were K. pneumoniae in six,
P. mirabilis in two and P. vulgaris in one case. One
neonate with reflux had urethral valve as additional
malformation.

In infants/young children with or without reflux the
predominant isolate was E. coli (x2=0.88, P=0.35),
although a slight preponderance of Gram-negative bacteria

Table 2 Clinical signs and symptoms and laboratory findings in
neonates and infants/young children with first UTI episode

Signs and symptoms Neonates Infants/young
children

P

Fevera 48 (77%) 194 (83%) 0.42
Fever duration (days) 1.2±1.1 3.1±2.9 <0.0001
Fever duration under
treatment (days)

0.7±0.9 1.2±1.3 0.0029

Maximum temperature
(°C)

38.3±0.9 38.8±1.1 0.0011

Failure to thrivea 4 (7%) 34 (15%) 0.14
Poor feedinga 33 (48%) 65 (28%) 0.0003
Vomitinga 5 (8%) 25 (11%) 0.71
Diarrheaa 8 (13%) 4017 (23%) 0.55
Lethargya 16 (26%) 14 (6%) <0.0001
Gruntinga 22 (36%) 11 (5%) <0.0001
Jaundicea 11 (18%) 3 (1%) <0.0001
WBC (1,000/mm3 ± SD) 14.7±5.7 16.7±7.4 0.07
ESR (mm/h ± SD) 50±30 53±28 0.43
CRP (mg% ± SD) 4.6±3.7 5.0±4.3 0.46
aNumber of patients with the sign or symptom mentioned of the 62
neonates and the 234 infants
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¡ Use history and clinical presentation as guide for initial 
planning of management

¡ Empiric antibiotic treatment for PN

§ Duration at least 1 week

§ Oral: Cefixime, amoxicillin/clavulanate, ciprofloxacine, 

TMP/SMX (local resistance rates ?)

§ Intravenous: Gentamicin, ceftriaxone (50 mg/kg once daily); 

ampicillin (Enterococcus sp.) 

¡ Regulate bowel movements (if constipation)

¡ Follow-up plan (recurrence of UTI ?)
¡ Parental education



¡ Neonates (< 1 month)

¡ Infants and children

§ who do not tolerate oral meds/fluids and require IV 

hydration

§ severe illness and management in outpatient setting is 

impractical 

¡ Consider Medical Day Hospital

§ for once-daily infusions, peripheral IV insertion etc.



¡ No difference between PO versus IV (or IV, 

followed by PO) in western countries

¡ PO vs IV studied in ages >1 month

¡ Similar efficacy in clearing the organism

¡ Similar duration to defervescence (1-2 days)

¡ Similar reduction of inflammatory parameters 

(CRP, ESR)



¡ Identify structural causes leading to recurrent UTI that 

may or may not require surgical correction

¡ Identify congenital or acquired anomalies leading to 

impaired kidney function

§ “CAKUT” = congenital anomalies of kidneys and urinary 

tract” 

The yield of clinically relevant pathological results is 

low in children with first-time or recurrent UTI



¡ Scientific data are conflicting

§ Male gender, young age, positive family history, fever of 

38 C, elevated CRP, high neutrophil ratio, pathogens other 

than E. coli, and positive blood culture …. all reported to 

predict VUR in children with UTI

§ Study from 2016 of 300 children with first UTI found no 

correlation of lab data with presence of VUR

From Okarska-Napierala M et al. J Pediatr Urol 13: 567-573, 2017; 
Yılmaz S et al. Nephron 2016;132:175-80



¡ Anatomical information about the urinary tract and kidneys
¡ Renal pelvis and urinary tract dilatation and anatomical bladder 

abnormalities 
§ Hydro(uretero)nephrosis, thick walled bladder, ureterocele, bladder 

diverticula
§ Presence of stones and/or obstruction

¡ Positional anomalies 
§ Ectopic kidneys, duplication

¡ Renal parenchymal anomalies
§ Renal parenchymal echogenicity, cortico-medullary differentiation; 

cysts (number and sizes)
¡ NOTE: No reliable information on scarring, dynamic (VUR) or functional 

(GFR) abnormalities by conventional abdominal US
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segment varies with age in children, ranging 

from 7 to 12 mm [9]. The objective of ureter-

al reimplantation surgery for VUR is to tun-

nel a more oblique ureteral course through 

the bladder wall, thus lengthening the intra-

mural–submucosal segment.

Pathophysiology of Pyelonephritis 
and Renal Scarring

Pyelonephritis is usually caused by ascend-

ing bacterial infection in the urinary tract 

rather than hematogenous spread. VUR and 

urinary stasis predispose urine in the renal 

pelvis to infection (Fig. 2). Bacteria are then 

able to enter the renal parenchyma, leading 

to inflammation and edema. The parenchy-

mal microvasculature becomes compressed, 

which can lead to ischemia, microabscess 

formation, and necrosis. If the renal paren-

chyma is unable to recover from these inju-

ries, permanent renal scarring with loss of 

parenchymal volume and function can result. 

Renal cortical scintigraphy with 99mTc-dim-

ercaptosuccinic acid (DMSA) is the imaging 

technique of choice to detect APN and renal 

scarring because of its high sensitivity [10]; 

both entities appear as photopenic defects on 

DMSA scans, and the interpreting physician 

must rely on the clinical time–course to dis-

tinguish between the two.

Evolution of Imaging Practice 
Patterns

For many years, practice parameters es-

tablished by the American Academy of Pe-

diatrics (AAP) in 1999 guided physicians in 

the evaluation of UTI in infants and children 

[11]. The recommendations for imaging workup 

were broad, advocating ultrasound (Fig. 3) and 

Fig. 1—Drawing shows pathophysiology of vesicou-
reteral reflux (VUR). Shorter intramural–submucosal 
segment of distal ureter increases likelihood of VUR.

Fig. 2—Drawing shows pathophysiology of pyelonephritis and renal scarring. Ascending urinary infection 
allows bacteria to enter renal parenchyma. Inflammatory edema causes compression of parenchymal 
microvasculature that can result in ischemia, microabscess formation, necrosis, and permanent renal scarring.

A

Fig. 3—2-year-old girl with fever.
A and B, Gray-scale (A) and color Doppler (B) ultrasound images show round, hypoechoic, poorly perfused 
abnormality (arrow) in upper pole of right kidney, consistent with acute pyelonephritis.
C and D, Dimercaptosuccinic acid (DMSA) renal cortical scintigraphy scan obtained same day as ultrasound 
(C) shows corresponding photopenic defect (arrow). Follow-up DMSA scan obtained 8 months later (D) shows 
resolution of defect, consistent with recovered pyelonephritis.
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¡ DMSA = 99mTc-dimercaptosuccinic acid

¡ Highly sensitive for acute lesions (pyelonephritis) 

and late sequelae (parenchymal scarring)

¡ Assess split renal function



¡ DMSA image represents functional renal cortical mass

§ Decreased function (“photopenic” lesions) in inflamed parenchyma

§ Acute lesions 3-6 months to resolve scintigraphically 

§ “Gold standard” to investigate for renal cortical scarring

§ Does not distinguish spontaneously resolving abnormalities from 

persistent lesions

§ Detects other causes of cortical defects (e.g. renal cysts, masses)

§ Congenital dysplastic kidney can appear similar to acquired renal 

scarring
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During acute infection 8 month follow-up





¡ “Classical” imaging modality for children with 
UTI

¡ Demonstrates bladder wall abnormalities 
(bladder diverticula, ureteroceles)

¡ Urethral abnormalities (posterior urethral 
valves [PUV])

¡ Vesico-ureteral reflux (VUR)



Voiding cystourethrogram 
(VCUG) 

(“Micturating
cystourethrogram” , MCUG) 





Correct
Anatomy

Campbell’s Urology
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¡ VUR is the abnormal retrograde flow of urine from the 

bladder into the upper urinary tract

¡ It affects 1-2 % of all children (Craig JC et al. Pediatrics 2000)

¡ Only 20% of children with VUR develop UTI (Hains DS, 

Schwaderer AL. Pathogens 2016)

¡ Up to 50 % of children with recurrent UTI have VUR

¡ High-grade VUR (4-5) is generally seen by US (dilated 

ureters) and usually associated with renal abnormalities 



¡ Diagnostic and management of VUR is 

controversial 

§ Which children should be evaluated for reflux ?

§ Who should undergo treatment ?

§ What are the treatment goals ? 

§ What are the treatment options ?



¡ Observation

§ With or without (continuous) antibiotic prophylaxis

¡ Surgical correction 

§ Endoscopic sub ureteric injection

§ Open, minimally invasive or robotic ureteral 
reimplantation 



¡ Garica-Roig M et al. J Urol 2016, Fig. 1
¡ (Kaplan meier)

Garcia-Roig M et al. J Urol 2016, Fig. 1



¡ 11 y/o boy, presents with low grade fever over 3 days; 
complains of dysuria and flank pain
§ Reportedly healthy, but previous episodes of dysuria that 

resolved spontaneously
§ Urination “normal”
§ Less energetic than peers 



¡ 11 y/o boy, presents with low grade fever over 3 days; 
complains of dysuria and flank pain
§ Reportedly healthy, but previous episodes of dysuria that 

resolved spontaneously
§ Urination “normal”
§ Less energetic than peers 

¡ Physical exam 
§ Short stature (3rd %ile), BP 135/85 mmHg (>95% for age & 

height percentiles) 
§ No apparent malformation, except some leg bowing
§ Urogenital exam: moist underwear 
§ Upon questioning: frequent voiding, dribbling, primary enuresis



mdconsult.com

From: nationwidechildrens.org

Contacted irregular shaped bladder
Elongated & dilated posterior urethra.
Prominent bladder neck



¡ Importance of detailed history and exam

¡ When to think of and rule out “complicated” UTI (urine 

dribbling in boys; spinal dysraphism; neurological 

abnormalities, particularly of the lower limbs)

¡ Management aimed at preservation of residual kidney 

function

¡ Collaborative approach with (pediatric) urologist or 

surgeon in patients with structural (lower UT) 

abnormalities 



¡ VUR is not a prerequisite for renal damage (Jakobsson B et al. Arch 

Dis Child 1994)

¡ Newer guidelines challenge traditional strategies of antibiotic 

therapy and surgery

¡ Recognized need for randomized trials using untreated 

controls (Bollgren I.  Acta Paediatr Suppl 1999; Winberg J Infection 1999, 

Suppl. 1)

¡ New strategy focusing on renal development and function, not 

VUR (Jodal U, Lindberg U. Acta Paediatr Suppl 1999)



completed the diagnostic protocol summarized in Table
2. All children had normal renal function, as assessed
with the formula described by Schwartz et al.25 No ad-
verse events resulting from performance of the diagnos-
tic follow-up tests were reported.

Ultrasonography
A total of 262 ultrasound studies (87%) yielded negative
results and 38 (13%) showed abnormalities, which were
generally minor (dilated pelvis, ureter, or pelvis and
calyces, n ! 12; renal swelling or local parenchymal
changes, n ! 10; increased bladder wall or pelvic mucosa
thickness, n ! 6; other, n ! 10). Of these, there was only
1 case (pelviureteric junction obstruction) in which clin-
ical management was influenced by the ultrasound re-
sults, with the child undergoing pyeloplasty. Although
normal ultrasound results indicated 214 of the 234 chil-
dren without vesicoureteric reflux, ultrasonography had
limited ability to identify those with reflux, indicating
only 18 of 66 (PPV: 47.4%; 95% CI: 31.0%–64.2%; P "
.001). The ability of ultrasonography to predict renal
parenchymal damage, the most significant outcome, also
was limited, with positive results for 12 of the 45 chil-

dren who subsequently developed scarring at the site of
the original APN (PPV: 31.6%; 95% CI: 17.5%–48.7%)
(for additional details, see Table 3).

Micturating Cystourethrography
A total of 234 studies (78%) yielded normal results, and
66 (22%) demonstrated vesicoureteric reflux. The vast
majority of patients had a maximal grade of reflux of I to
III, with only 3 children exhibiting grade IV reflux and 1
child grade V reflux. Of particular interest, the cysto-
graphic results were positive for reflux for only 23 of the
45 children who subsequently developed scarring, and
results were negative for 212 of the 255 children with
normal follow-up scintigraphic results (PPV: 34.8%;
95% CI: 23.5%–47.6%) (for additional details, see Table
3). All 4 children with grade IV/V reflux had abnormal
follow-up DMSA scanning results, with evidence of scar-
ring. The presence of high-grade reflux influenced the
clinical treatment of these 4 patients, because all were
given antibiotic prophylaxis.

Acute DMSA Scanning
The results of 139 studies (46%) were normal, and 161
studies (54%) exhibited findings consistent with acute
APN. The relative renal function (RRF) was normal
("10% reduction for a single kidney) for 590 kidneys
(98.5%). Ten kidneys had RRF of "40%, 1 of which had
RRF of "30%.

DMSA Scanning at 12 Months
DMSA scanning was performed at 12 months for 171
children, 161 of whom had positive acute DMSA scan-
ning results, and demonstrated scarring in 45 cases,
yielding a scarring rate of 28% after a first confirmed
episode of APN. An additional 10 children with negative
acute scanning results underwent follow-up studies for
various clinical reasons; none of those children demon-
strated scarring. The rate of scarring for the children with
a first febrile UTI was 15% (45 of 300 children). For the
10 kidneys with RRF of "40% at the acute DMSA scan,
RRF did not decrease further; function returned to nor-
mal for 2 kidneys and scarring developed in the remain-

TABLE 2 Diagnostic Findings for 300 Children<2 Years of Age
With a First Documented Febrile UTI

n (%)

Abnormal Normal Total

Ultrasonographya 38 (13) 262 (87) 300
Acute DMSA scanningb 161 (54) 139 (46) 300
Micturating cystourethrographyc 66 (22) 234 (78) 300
DMSA scanning at 12 mod 45 (15) 255 (85) 300
a Performed within10 days after commencement of antibiotic administration. Any alter-
ation, however minor, was considered abnormal.
b Performed within 10 days after commencement of antibiotic administration. Focal or
diffuse areas of decreased uptakewithout evidence of cortical loss were considered indic-
ative of APN.
c Performed"2 months after commencement of antibiotic administration. Abnormal re-
sults included 62 cases of grade I to III, 3 cases of grade IV, and 1 case of grade V vesi-
coureteric reflux.
d Renal scarring was defined as decreased uptake with distortion of contours or cortical
thinning with loss of parenchymal volume.

TABLE 3 Ultrasonogaphic and Cystographic Findings as Predictors of Parenchymal Renal Damage on DMSA Scans

n Estimate (95% CI), %a Likelihood Ratio

Scarring
on

DMSA
Scan

Normal
DMSA
Scan
Results

Total PPV NPV Sensitivity Specificity Positive
Test

Results

Negative
Test

Results

Ultrasonography 31.6 (17.5–38.7) 87.4 (82.8–91.2)b 26.7 (14.6–41.9) 89.8 (85.4–93.2) 2.7 0.7
Abnormal 12 26 38
Normal 33 229 262
Total 45 255 300

Micturating cystourethrography 34.8 (23.5–47.6) 90.6 (86.1–94.0)c 51.1 (35.8–66.3) 83.1 (78.0–87.5) 3 0.38
Vesicoureteric reflux 23 43 66
No vesicoureteric reflux 22 212 234
Total 45 255 300

a Ultrasonography and micturating cystourethrography were compared with scarring in DMSA scans.
b P " .01.
c P " .001.
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c) VUR grades
I – III n = 62
IV n =   3
V n =   1

Montini G et al. Value of imagining studies after a first febrile UTI in young children. Data 
from the Italian renal infection study 1. Pediatrics. 2009;123:e239-246



¡ RIVUR Trial

§ American National Institutes of Health-sponsored 

randomized, placebo-controlled trial 

§ “Randomized Intervention for children with Vesico

Ureteral Reflux”

¡ Swedish Reflux Trial

§ Randomized, controlled trial in children with dilating 

VUR (Brandström P et al. J Urol 2010; J Pediatr Urol 2011)



¡ Primary study endpoint
§ Development of recurrent UTI

¡ Secondary endpoints 
§ Development of (new) renal scarring

§ Antimicrobial resistance

§ Treatment failure

The RIVUR Trial Investigators. N Engl J Med 2014



Prophylaxis for Children with Vesicoureter al Reflux

n engl j med 370;25 nejm.org june 19, 2014 2373

to be treated for 2 years to prevent one case of 
febrile or symptomatic urinary tract infection.

In our primary intention-to-treat analysis 
with the assumption that children with missing 
primary-outcome data had had an event, a sig-
nificantly smaller proportion of children who 
received prophylaxis, as compared with those 
who received placebo, had a febrile or symptom-
atic recurrence (25.5% vs. 37.4%; relative risk, 
0.68; 95% CI, 0.53 to 0.87) (Table 2). Similar 
results were obtained from sensitivity analyses 
that included children with missing outcome data 
but assumed they had not had an event (12.8% 
vs. 25.4%; relative risk, 0.55; 95% CI, 0.38 to 
0.78) and that omitted children for whom primary-
outcome data were missing (14.8% vs. 27.4%; 
relative risk, 0.54; 95% CI, 0.38 to 0.77). The 
proportion of children meeting the criteria for 
treatment failure in the placebo group was nearly 
twice the proportion in the prophylaxis group 
(9.6% vs. 5.0%, P = 0.035). In separate Cox mod-
els, the study-group effect remained unchanged 
after we controlled for age, whether the index 
urinary tract infection was the child’s first or 
second episode, the degree of baseline reflux, and 
the presence or absence of baseline renal scarring 
(Table S2 in the Supplementary Appendix).

Renal Scarring
As reported previously,12 a total of 98 of 582 
baseline scans were obtained less than 31 days 
after the index infection (16.8%), and 484 were 
obtained between 31 and 112 days after the index 
infection (83.2%). A total of 21 scans (3.6%) were 
interpreted as indicating renal scarring, and 71 
(12.2%) were interpreted as indicating acute py-
elonephritis. Outcome scans (at the 2-year visit or 
3 to 4 months after the child had met treatment-
failure criteria) showed no significant between-
group differences in the incidence of renal scar-
ring (11.9% in the prophylaxis group and 10.2% 
in the placebo group, P = 0.55), severe renal scars 
(4.0% and 2.6%, respectively; P = 0.37), or new re-
nal scars since baseline (8.2% and 8.4%, respec-
tively; P = 0.94) (Table 2).

Antimicrobial Resistance
Stool colonization with resistant E. coli was more 
common in the prophylaxis group than in the 
placebo group, but the difference was not sig-
nificant (Table 2). Among 87 children with a first 
febrile or symptomatic recurrence with E. coli, 
the proportion of isolates that were resistant to 

trimethoprim–sulfamethoxazole was 63% with 
prophylaxis and 19% with placebo (P<0.001).

Effect Modifiers
Children with grade III or IV reflux at baseline 
were more likely to have febrile or symptomatic 
recurrences than were children with grade I or II 
reflux (64 of 280 children [22.9%] vs. 46 of 322 
[14.3%], P = 0.003). Hazard ratios for recurrences 
consistently favored the prophylaxis group, irre-
spective of sex, age at study entry, degree of re-
flux, whether children had one or two urinary 
tract infections before enrollment, whether the 
index infection was caused by a resistant patho-
gen, and whether reflux present at baseline had 
resolved, improved, not changed, or worsened at 
2 years (Fig. 3). There were significant interac-
tions between study group and the type of index 
infection (P = 0.04) and between study group and 
the presence or absence of bladder and bowel 
dysfunction at baseline (P = 0.02). The estimated 
hazard ratio for a febrile or symptomatic recur-
rence in the prophylaxis group relative to the pla-
cebo group was 0.41 (95% CI, 0.26 to 0.64) 
among children with a febrile index infection 
and 1.28 (95% CI, 0.47 to 3.46) among children 
with a nonfebrile index infection. Corresponding 
hazard ratios for children with and those without 
bladder and bowel dysfunction at baseline were 
0.21 (95% CI, 0.08 to 0.58) and 1.40 (95% CI, 0.43 
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Figure 2. Time to First Recurrent Febrile or Symptomatic UTI.

Shown are Kaplan–Meier estimates of the cumulative percentage of children 
who had a recurrent febrile or symptomatic UTI according to study group. 
Fewer children assigned to TMP-SMX prophylaxis had a UTI than children 
assigned to placebo (P<0.001 by log-rank test). I bars indicate 95% confi-
dence intervals.
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¡ Largest published study

§ 607 patients, median age 12 months

§ Girls 92 %, boys 8 % (> 1/3 circumcised)

¡ TMP/SMX prophylaxis reduced risk of recurrence 

of UTI, but failed to prevent renal scarring

¡ Antibiotic prophylaxis increased  resistance of 

bacterial isolates at first UTI recurrence three-fold



¡ Girls > 1 year of age with dilating VUR (grade 3 and 4) 

benefitted from antibiotic prophylaxis and endoscopic 

injection

¡ Prophylaxis reduced risk of recurrent UTI and of new renal 

parenchymal damage in girls compared with surveillance only

¡ Antibiotic prophylaxis, but not endoscopic injection, reduced 

risk of new renal parenchymal damage

¡ New damage occurred only in kidneys drained by ureters with 

VUR grade 3 or 4
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¡ About 2 % of boys and girls will develop a UTI during the 

first year of life; by 7 years, the prevalence of UTI is 4-

times greater in girls than boys

¡ A minority of children with febrile UTI has a dilating VUR; 

only 20% of children with VUR will develop UTI 

¡ Non-dilating VUR is rarely associated with parenchymal 

damage of the kidney and often resolves

¡ Renal scars can be present without UTI



¡ Antibiotic prophylaxis or endoscopic injection reduce the 
incidence of febrile UTIs in young children

¡ Antibiotic prophylaxis in children with dilating VUR and 
early antibiotic treatment may reduce the development 
of new scars

¡ VCUG should be limited to children with dilated urinary 
tract by ultrasound, including suspected PUV

¡ Decisions on medical and surgical interventions in 
children with recurrent UTI should be individualized and 
respect age, social factors, and parental preference
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