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Abstract 
 
Background: Among the many clinical decision rules which are proposed to take in charge 
day to day dilemmas facing the practising pediatricians, few are validated. 
 
Objective: To test the reproducibility of a highly sensitive clinical decision rule previously 
proposed to predict vesicoureteral reflux (VUR) after a first febrile urinary tract infection in 
children. This rule combined clinical (family history of uropathology, male gender, young 
age), biological (elevated C-reactive protein) and radiological (urinary tract dilation on renal 
ultrasound) predictors in a score, and provided 100% sensitivity. 
 
Methods: A retrospective hospital-based cohort study included all children, 1 month to 4 
years old, with a first febrile urinary tract infection. The sensitivities and specificities of the 
rule at the two previously proposed score thresholds (≤0 and ≤5) to predict respectively, all-
grade or grade ≥3 VUR, were calculated. 
 
Results: 149 children were included. VUR prevalence was 25%. The rule yielded 100% 
sensitivity and 3% specificity for all-grade VUR, and 93% sensitivity and 13% specificity for 
grade ≥3 VUR. Some methodological weaknesses (variables selection and cotation) explain 
this lack of reproducibility. 
 
Conclusions: The reproducibility of the previously proposed decision rule was poor and its 
potential contribution to clinical management of children with febrile urinary tract infection 
seems to be modest. 
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Introduction 
 
Urinary tract infection (UTI) is one of the most frequent bacterial infections in children.1 It 
has been estimated that 7% of girls and 2% of boys will have a UTI before 6 years of age.2 
Vesicoureteral reflux (VUR) is diagnosed at the first febrile UTI in 20 to 40% of the patients.3 
VUR is a risk factor for recurrent UTI, renal scarring, hypertension and chronic renal failure,3 
and the risk is correlated to VUR grade.4 Thus, American,5 Swedish,6 Swiss,7 and French8 
pediatric societies recommended systematic voiding cystourethrogram (VCUG) after the first 
febrile UTI in children. This strategy assures 100% sensitivity for VUR diagnosis. However, 
VCUG is a posteriori normal in 60 to 80% of patients. Moreover, VCUG is associated with a 
risk of iatrogenic UTI,9 and it is irradiating,10 painful,11 and expensive.12 Therefore, being able 
to predict the absence of VUR, so as to avoid unnecessary VCUG, would be helpful.10 

Two predictive tools has been proposed. Renal ultrasound alone, regardless of the 
criteria chosen, was shown to be poorly sensitive for VUR prediction.13–16 Oostenbrink et al 
proposed a multivariate approach based on a risk score combining clinical (family history of 
uropathology, male gender, young age), biological (elevated C-reactive protein–CRP) and 
radiological (urinary tract dilation on renal ultrasound) variables.17 A clinical decision rule 
based on the score proposed not to perform VCUG in patients with low scores. This rule 
yielded 100% sensitivity for the prediction of all-grade VUR with 17% specificity, and 100% 
sensitivity for the prediction of grade ≥3 VUR with 38% specificity. 

Clinical decision rules attempt to formally test, simplify, and increase the accuracy of 
clinicians’ diagnostic assessments.18 Three steps are involved in the development of a clinical 
decision rule: creation of the rule, validation, and assessing its impact on clinical behaviour.18 

19 Jodal stressed the potential clinical impact of the prediction rule proposed by Oostenbrink 
et al,17 but also the need of its validation,10 as for all clinical decision rules.20 The aim of our 
study was to evaluate the reproducibility of the prediction rule proposed by Oostenbrink et al. 
 
 
Methods 
 
Study design 
We conducted a retrospective, hospital-based cohort study in the Department of Pediatrics of 
Saint-Vincent-de-Paul Hospital, Paris, France, from January 2000 to September 2003. Data 
were extracted from medical files using a standardized data form. 
 
Patients 
All patients with UTI as a discharge code or a text word in their computerized medical 
records were evaluated for inclusion. All children 1 month to 4 years old admitted with a first, 
community-acquired, febrile UTI were included. Febrile UTI was defined as rectal fever 
≥38°C associated with a positive urine monoculture (≥105 colony forming units/mL in urine 
collected in sterile bags changed every 30 minutes or by midstream clean-void sample for 
older toilet-trained children), and biological inflammatory syndrome (leukocyte count ≥15 
000/mm3 and/or CRP ≥15 mg/L). Patients with a known, congenital, urinary-tract abnormality 
at the time of the UTI diagnosis were not included. 
 
Outcome definition 
All patients underwent VCUG during the study period. The radiologists were blinded to the 
predictors (see below) and graded VUR from 0 to 5, according to the International System of 
Radiological Grading of Vesicoureteral Reflux.21 
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Predictors 
We used the same predictors as Oostenbrink et al:17 family history of uropathology, age, 
gender, serum CRP at the time of diagnosis and urinary tract dilation on renal ultrasound 
performed by a senior pediatric radiologist. 
 
Statistical analyses 
Statistical analyses were performed using EPI INFO 6.0 software (Centers for Disease 
Control and Prevention, Atlanta, Ga). The first step was a descriptive analysis of the 
characteristics of the population. 

The second step was to calculate the VUR risk score for each patient using the grades 
proposed by Oostenbrink et al.17 Points were assigned as follows: 0 for age <1 year, 1 for age 
1–2 years, etc, maximum 4 for children 4 years old; 1 for boys and 0 for girls; first degree 
family history of uropathology was graded 1 for yes and 0 for no; 1 for CRP 0–9 mg/L, 2 for 
CRP 10–19 mg/L, etc, maximum 20 points for CRP >200 mg/L; urinary tract dilation on renal 
ultrasound was graded 0 when absent, 1 for a renal pelvic diameter ≤10 mm, 2 for a diameter 
>10 and <25 mm and 3 for a diameter ≥25 mm.22 The risk score formula was: individual score 
= 6*male gender + 7*family history of uropathology – 1*age + 1*CRP +14*renal ultrasound 
dilation. Theoretically, the score could range from –4 to 75. 

The third step was to analyse the relationship between a high score and VUR in the 
validation population using the odds ratio (OR) and the Fisher’s exact test. 

The last step was to evaluate the degree of discrimination obtained with the decision 
rule by calculating its sensitivities and specificities at the two score thresholds (≤0 and ≤5) 
proposed by Oostenbrink et al who had chosen these thresholds to predict, respectively, the 
absence of all-grade and grade ≥3 VUR.17 
 
 
Results 
 
Patients 
One hundred and fifty nine patients fulfilled the inclusion criteria. Ten (6%) of the 159 
included patients were lost to follow-up before VCUG could be performed. Hence, the 
analysis was based on 149 patients. A family history of uropathology was found for 37 (26%) 
patients. Sixty eight (46%) were male. The median age was 9.8 months (SD 7.9). Urinary 
tract dilation on renal ultrasound was observed in 30 (20%) patients. VUR was diagnosed in 
37 (25%) children, including 14 (9%) with grade ≥3 VUR. 
 
Validity of the decision rule 
Three (2%) patients had a score ≤0, the first proposed threshold, and none of them had VUR 
(Table 1). We did not find a significant association between a score >0 and all-grade VUR (p 
= 0.6). A rule based on the ≤0 threshold would have yielded 100% sensitivity and 3% 
specificity for the prediction of all-grade VUR (Table 2). 

Among 19 (13%) patients with score ≤5, the second proposed threshold, 4 had VUR. 
We did not find a significant association between a score >5 and all-grade VUR: OR = 1.3, 
95% CI: 0.4–5.7, p = 0.8. A rule based on the ≤5 threshold would have yielded 89% 
sensitivity and 13% specificity for the prediction of all-grade VUR. 

One of the 19 patients with a score ≤5 had grade ≥3 VUR. We did not find a 
significant association between a score >5 and grade ≥3 VUR: OR = 2.0, 95% CI: 0.3–91.1, p 
= 1.0. A rule based on ≤5 threshold would have yielded 93% sensitivity and 13% specificity 
for the prediction of grade ≥3 VUR. 
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Table 1 Relationship between the score and VUR presence in the construction and validation 
populations 
 
 No VUR  All-grade VUR  Grade ≥3 VUR 

Score Oostenbrink* Validation  Oostenbrink* Validation  Oostenbrink* Validation 

≤0 17 (17) 3 (3)  0 (0) 0 (0)  0 (0) 0 (0) 

1–5 22 (21) 12 (11)  3 (8) 4 (11)  0 (0) 1 (7) 

6–10 15 (15) 16 (15)  4 (11) 7 (19)  3 (11) 4 (29) 

11–15 20 (19) 26 (24)  6 (16) 8 (22)  5 (18) 1 (7) 

16–25 21 (20) 36 (34)  5 (14) 8 (22)  4 (14) 3 (21) 

>25 8 (8) 14 (13)  19 (51) 9 (25)  16 (57) 5 (36) 

Total 103 107**  37 36**  28 14** 

Values are expressed as in n (%). 
*Construction population. 
**n = 143, family history of uropathology and then the individual risk score were not avalaible 
for 6 (4%) patients. 
 
 
 
Table 2 Sensitivities and specificities of the decision rule for the prediction of VUR, in the 
construction and validation populations 
 

 All-grade VUR  Grade  ≥3 VUR 

Score Ootenbrink*  
Validation**  

Oostenbrink*  
Validation** 

≤0 threshold        

  Sensitivity 100 (91–100)  100 (90–100)  100 (88–100)  100 (79–100) 

  Specificity 17 (11–26)  3 (1–8)  15 (10–23)  2 (1–7) 

≤5 threshold        

  Sensitivity 92 (79–97)  89 (75–96)  100 (88–100)  93 (69–99) 

  Specificity 38 (29–48)  13 (8–21)  38 (29–47)  13 (9–21) 

Values are % (95% CI). 
*Construction population. 
**n = 149, the individual risk score of the 6 patients, for whom family history of uropathology 
was not available, was already >6 using the values of the other variables. Hence, sensitivities 
and specificities at the two thresholds (≤0 and ≤5) were calculated including these patients. 
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Discussion 
 
Main results 
We report the first attempt to evaluate the reproducibility of the rule proposed by Oostenbrink 
et al.17 In their study, they reported a significant association between a score >0 and all-grade 
VUR (p = 0.006), and between a score >5 and grade ≥3 VUR (p = 0.0001). These significant 
associations were not found in our patients (p >0.5). The high (100%) sensitivity of the rule 
for the prediction of all-grade VUR was confirmed, but the reproducibility of the specificity 
was poor: only 3% in our patients v 17% for the construction population. The high sensitivity 
for the prediction of grade ≥3 VUR was not reproduced neither: 93% v 100%. Applying the 
decision rule to our patients, we would not have performed VCUG in one patient with grade 5 
VUR. This patient, a 25-months-old girl, with no family history of uropathology, fever of 6 
days duration, a CRP at 59 mg/L, normal renal ultrasound, had a 4 points score. 

The potential contribution of the decision rule to clinical management of these 
children with UTI seems to be modest. Indeed, if the ≤0 threshold of the score is retained, few 
(3%) useless VCUG would be avoided. Choosing the ≤5 threshold, cases of VUR, including 
grade ≥3 VUR, would have been missed. 
 
Study weaknesses 
In our retrospective study, 6% of patients were lost-to-follow-up before VCUG could be 
performed. This rate is close to that observed in other studies on the subject.4 16 

The use of sterile bags for urine collection introduced a selection bias, as this 
technique is less specific than suprapubic aspiration or catheterization and is not 
recommended by the American Academy of Pediatrics.5 Indeed, some patients who would not 
have had a diagnosis of UTI using suprapubic aspiration or catheterization were included in 
our study. This bias explains the higher prevalence of male children in our study (46%) 
compared with other studies using suprapubic aspiration or catheterization for the diagnosis of 
UTI (11%, 28%).4 23 However, sterile bags are used in the day-to-day practice of North 
American pediatricians 24 and they were used by Oostenbrink et al in their study.17 
 
Other issues 
The external validation of a decision rule can fail either because the reproducibility of the rule 
is low or because the construction and validation populations differ too much.20 In the present 
case, the construction and validation populations were not significantly different (p >0.05) for 
the main parameters: VUR prevalence (26% v 25%), positive family history of uropathology 
(27% v 26%), sex ratio (36% v 46% males) and prevalence of urinary tract dilation on 
ultrasound (29% v 20%). 

Furthermore, methodological weaknesses of the construction study by Oostenbrink et 
al17 might have limited the reproducibility of the rule.20 First, some variables used in the score 
were not clearly defined: the relative degree for a family history of uropathology was 
unknown and urinary tract dilation was not quantitatively graded. Second, some variables that 
were not significantly associated with VUR in univariate and multivariate analyses were 
retained in the model: age, gender, family history of uropathology.20 Third, continuous 
variables (age, CRP) were entered into the model based on an undemonstrated and unlikely 
hypothesis of a linear gradient.25 
 
Implications 
Systematic VCUG after a first febrile UTI in children assures a 100% sensitivity for the 
diagnosis of VUR. That is why selective approaches to avoid unnecessary examination 
require high sensitivity.10 The strategy proposed by Oostenbrink et al took into account this 
constraint. Unfortunately, its reproducibility seems poor according to our results. Perhaps, 
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new predictors, such as procalcitonin26 and new strategies, such as recursive partitioning27 
rather than scores, might prove helpful to define selective approaches for imaging work up 
after first UTI. 
 
 
 
 
Acknowledgments 
S Leroy was financially supported by a grant from the Association des Juniors en Pédiatrie 
and Laboratoire Gallia. 
 
Licence statement 
The Corresponding Author has the right to grant on behalf of all authors and does grant on 
behalf of all authors, an exclusive licence (or non-exclusive for government employees) on a 
worldwide basis to the BMJ Publishing Group Ltd and its licensees to permit this article to be 
published in ADC editions and any other BMJPGL products to exploit all subsidiary rights, as 
out in our licence (http://adc.bmjjournals.com/misc/ifora/licenceform.shtml). 
 

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.2004.068205 on 12 M

ay 2005. D
ow

nloaded from
 

http://adc.bmj.com/


 

8 
 

 

 
References 
 
1 Hoberman A, Chao HP, Keller DM, et al. Prevalence of urinary tract infection in 

febrile infants. J Pediatr 1993;123:17–23. 
2 Marild S, Jodal U. Incidence rate of first-time symptomatic urinary tract infection in 

children under 6 years of age. Acta Paediatr 1998;87:549–52. 
3 Jacobson SH, Hansson S, Jakobsson B. Vesico-ureteric reflux: occurrence and long-

term risks. Acta Paediatr 1999;88 (suppl 431):22–30. 
4 Hoberman A, Charron M, Hickey RW, et al. Imaging studies after a first febrile 

urinary tract infection in young children. N Engl J Med 2003;348:195–202. 
5 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. 

6 Jodal U, Lindberg U. Guidelines for management of children with urinary tract 
infection and vesico-ureteric reflux. Recommendations from a Swedish state-of-the-art 
conference. Swedish Medical Research Council. Acta Paediatr 1999;88 (suppl 
431):87–9. 

7 Groupe Suisse de Travail de Néphrologie pédiatrique. Traitement des infections 
urinaires chez l'enfant. Paediatrica 2002. Available from: URL: http://www.swiss-
paediatrics.org/paediatrica/vol12/n1/pyelo-fr/htm 

8 Guillot M, Eckart P, Dacher JN. Initial imaging in pediatric urinary tract infection. 
Arch Pediatr 1998;5 (suppl 3):282S–284S. 

9 Guignard JP. Urinary infection after micturating cystography. Lancet 1979;1:103. 
10 Jodal U. Selective approach to diagnostic imaging of children after urinary tract 

infection. Acta Paediatr 2000;89:767–8. 
11 Hagglof B. Psychological reaction by children of various ages to hospital care and 

invasive procedures. Acta Paediatr 1999;88 (suppl 431):72–8. 
12 Nicklasson L, Hogard S. Cost-analysis of management strategies for children with 

vesico-ureteric reflux. Acta Paediatr 1999;88 (suppl 431):79–86. 
13 Davey MS, Zerin JM, Reilly C, et al. Mild renal pelvic dilatation is not predictive of 

vesicoureteral reflux in children. Pediatr Radiol 1997;27:908–11. 
14 Foresman WH, Hulbert WC, Rabinowitz R. Does urinary tract ultrasonography at 

hospitalization for acute pyelonephritis predict vesicoureteral reflux? J Urol 
2001;165:2232–4. 

15 Muensterer OJ. Comprehensive ultrasound versus voiding cysturethrography in the 
diagnosis of vesicoureteral reflux. Eur J Pediatr 2002;161:435–7. 

16 Mahant S, Friedman J, MacArthur C. Renal ultrasound findings and vesicoureteral 
reflux in children hospitalised with urinary tract infection. Arch Dis Child 
2002;86:419–20. 

17 Oostenbrink R, van der Heijden AJ, Moons KG, et al. Prediction of vesico-ureteric 
reflux in childhood urinary tract infection: a multivariate approach. Acta Paediatr 
2000;89:806–10. 

18 McGinn TG, Guyatt GH, Wyer PC, et al. Users' guides to the medical literature: 
XXII: how to use articles about clinical decision rules. Evidence-Based Medicine 
Working Group. JAMA  2000;284:79–84. 

19 Wade A. Derivation versus validation. Arch Dis Child 2000;83:459–60. 
20 Laupacis A, Sekar N, Stiell IG. Clinical prediction rules. A review and suggested 

modifications of methodological standards. JAMA 1997;277:488–94. 

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.2004.068205 on 12 M

ay 2005. D
ow

nloaded from
 

http://adc.bmj.com/


 

9 
 

 

21 Lebowitz RL, Olbing H, Parkkulainen KV, et al. International system of radiographic 
grading of vesicoureteric reflux. International Reflux Study in Children. Pediatr 
Radiol 1985;15:105–9. 

22 Blane CE, DiPietro MA, Strouse PJ, et al. Pediatric renal pelvic fullness: an 
ultrasonographic dilemma. J Urol 2003;170:201–3. 

23 Smolkin V, Koren A, Raz R, et al. Procalcitonin as a marker of acute pyelonephritis 
in infants and children. Pediatr Nephrol 2002;17:409–12. 

24 Newman TB, Bernzweig JA, Takayama JI, et al. Urine testing and urinary tract 
infections in febrile infants seen in office settings: the Pediatric Research in Office 
Settings' Febrile Infant Study. Arch Pediatr Adolesc Med 2002;156:44–54. 

25 Concato J, Feinstein AR, Holford TR. The risk of determining risk with multivariable 
models. Ann Intern Med 1993;118:201–10. 

26 Leroy S, Adamsbaum C, Marc E, et al. Procalcitonin as a predictor of vesicoureteral 
reflux in children with a first urinary tract infection. Pediatrics 2005;115 (in press). 

27 Chalumeau M, Hadjiathanasiou CG, Ng SM, et al. Selecting girls with precocious 
puberty for brain imaging: validation of European evidence-based diagnosis rule. J 
Pediatr 2003;143:445–50. 

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.2004.068205 on 12 M

ay 2005. D
ow

nloaded from
 

http://adc.bmj.com/

