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Purpose: Urinary tract infection leads to a diagnosis of moderate or high grade
(III or higher) vesicoureteral reflux in approximately 15% of children. Predicting
reflux grade III or higher would make it possible to restrict cystography to high
risk cases. We aimed to derive a clinical decision rule to predict vesicoureteral
reflux grade III or higher in children with a first febrile urinary tract infection.
Materials and Methods: We conducted a secondary analysis of prospective series
including all children with a first febrile urinary tract infection from the 8
European participating university hospitals.
Results: A total of 494 patients (197 boys, reflux grade III or higher in 11%) were
included. Procalcitonin and ureteral dilatation on ultrasound were significantly
associated with reflux grade III or higher and then combined into a prediction
model with an ROC AUC of 0.75 (95% CI 0.69–0.81). Given the prespecified
constraint of achieving at least 85% sensitivity, our model led to the clinical decision
rule, for children with a first febrile urinary tract infection cystography should be
performed in cases with ureteral dilatation and serum procalcitonin level 0.17 ng/ml
or higher, or without ureteral dilatation (ie ureter not visible) when serum procal-
citonin level is 0.63 ng/ml or higher. The rule had 86% sensitivity (95% CI 74–93)
with 47% specificity (95% CI 42–51). Internal cross-validation produced 86% sensi-
tivity (95% CI 79–93) and 43% specificity (95% CI 39–47).
Conclusions: A clinical decision rule was derived to enable a selective approach
to cystography in children with urinary tract infection. The rule predicts high
grade vesicoureteral reflux with approximately 85% sensitivity and avoids half of
the cystograms that do not find reflux grade III or higher. Further validation is
needed before its widespread use.
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URINARY tract infections are the most common source
of bacterial infections among young children with
fever. Vesicoureteral reflux is diagnosed in 20% to
30% of children presenting with a first urinary tract
infection.1 The belief that future complications, such
as renal scarring, hypertension, eclampsia and
rarely end-stage renal failure, can occur has been a
major driving force in the impetus to investigate the
first occurrence of urinary tract infection in children.
In the last decade pediatric societies have recom-
mended that all young children undergo cystogra-
phy after a first febrile urinary tract infection.2,3

This approach offers high sensitivity for identifying
vesicoureteral reflux but is truly nonselective, so
that many children undergo unnecessary cystogra-
phy, which is painful, irradiating, expensive and
associated with a risk of iatrogenic urinary tract
infection.4–7 Moreover, when summarizing the cur-
rent evidence, no benefit has been shown in treating
low grade VUR, and there is a high percentage of
spontaneous resolution.8,9 Thus, this systematic
strategy for diagnosing all grade reflux has raised
some concerns because there appear to be therapeu-
tic consequences only for children with high grade
(III or higher) disease, who account for approxi-
mately 15% of those with a first urinary tract infec-
tion.10

Newer guidelines recommend never performing
cystography after a first febrile UTI.11 However, this
strategy presents the risk of delaying diagnosis of
high grade VUR, which is associated with recurrent
UTI and long-term complications.1,12 Furthermore,
clinicians do not appear ready to change their daily
practice after a first UTI so completely from system-
atic cystography to none at all. Thus, an intermedi-
ate evidence-based strategy might be useful to pre-
dict high grade VUR and make it possible to avoid
cystograms that turn out a posteriori to have no
therapeutic consequences while misdiagnosing the
fewest cases possible.10

Procalcitonin, a sensitive and specific marker of
bacterial infections,13 has been demonstrated and
validated as a strong and sensitive predictor of
VUR.14–16 The ability of renal US to predict VUR is
largely debated, as revealed by the numerous stud-
ies published with conflicting results.17 Ureteral dil-
atation appears to be a better renal US criterion to
predict VUR but without sufficient sensitivity to be
used alone.17,18 Accordingly it might be clinically
relevant to combine renal ultrasound findings with
procalcitonin in a clinical decision rule to predict
high grade VUR in children with a first febrile UTI.
We constructed and performed an internal valida-
tion of a clinical decision rule to predict VUR grade

III or higher in children with a first UTI.
METHODS

We conducted a secondary analysis of previous single cen-
ter and multicenter cohort studies.14,15 All consecutive
children 1 month to 4 years old who were hospitalized
with a first febrile UTI were considered for inclusion. All
patients underwent voiding cystography, which was read
by an experienced radiologist blinded to all variables.
High grade VUR was defined as grade III or greater.19

Predictive variables were serum PCT prospectively mea-
sured at hospitalization for UTI, findings of renal US
performed by an experienced pediatric radiologist (ure-
teral dilatation, pelvicalyceal dilatation and renal length),
family history of uropathy, young age, male gender and
serum C-reactive protein at hospitalization.1,20

We built a predictive model for high grade VUR using
a logistic regression backward elimination modeling tech-
nique. To transform the continuous probability of high
grade VUR into a binary decision about prescribing
cystography, a threshold was chosen based on the area
under the ROC area with a prespecified constraint of
achieving at least 85% sensitivity with the best specificity
and including the best renal US criterion. The perfor-
mance of this rule was determined in the whole sample set
and in the subgroup of children for whom urine was col-
lected by suprapubic aspiration or urethral catheteriza-
tion. We then performed an internal cross-validation by
bootstrapping. We compared the discriminative ability of
the decision rule with that of PCT alone and with that of
a previous decision rule for high grade VUR proposed by
Oostenbrink et al.20

RESULTS

Recruitment

Previous data were obtained from 8 prospectively
recruited centers (table 1, fig. 1).14,15 All centers
were university hospitals (except Rzeszow, which
was a general hospital), and tertiary hospitals (ex-
cept Afula and Clamart, which were secondary hos-
pitals). Only 2 centers (Geneva and Paris) were ex-
clusively pediatric.

Overall 595 patients met the inclusion criteria
(fig. 1). Of these patients 46 (8%) were lost to fol-
lowup before cystography and 5 (1%) had radionu-
clide cystography results that did not allow analysis
of VUR grade. PCT values were unavailable for 15
other patients (3%) and were measured by the
PCT-Q® semiquantitative test for 32 patients (5%).
Three children (1%) had no renal US available.
Thus, the analysis was based on 494 patients (83%).

Mean � SD patient age was 12.1 � 11.2 months
(median 8.0, IQR 4.0 to 17.0, 95th percentile 36
months). Of the children 197 (40%) were boys. VUR
was diagnosed in 126 children (26%) and was grade
III or higher in 56 (11%). No adverse event was
reported in performing PCT measurement, renal US
or cystography.

The 101 excluded children did not differ signifi-

cantly in their baseline characteristics from those who
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PREDICTION OF VESICOURETERAL REFLUX IN CHILDREN 267
were included in the study. Of these patients 46 (46%)
were boys (p � 0.4), and mean � SD age was 12.8 �
12.9 months (median 8.0, IQR 3.0 to 14.0, p � 1.0).
Construction of Clinical Decision Rule

Because the assumption of linearity for PCT as a
continuous variable made by the logistic regression

Table 1. Population characteristics

Center*
Urine Collection Techniques (threshold of posit

bacteriuria in cfu/ml)

Centers using SA or UC:
Afula Suprapubic aspiration (101), urethral catheterization (
Badalona Suprapubic aspiration (102), urethral catheterization (

clean voided midstream (105)
Geneva Suprapubic aspiration (103), urethral catheterization (

clean voided midstream (105)
Udine Urethral catheterization (5–104), clean voided midstre
Yvoir Suprapubic aspiration (103), urethral catheterization (

clean voided midstream (105)
Centers using SB:

Clamart Sterile bag (105)
Paris Sterile bag (105), clean voided midstream (105)
Rzeszow Sterile bag (105), clean voided midstream (105)

Totals

* Classified according to urine collection technique in nontoilet trained children.
Figure 1. Flow
model was not achieved (p �0.001), PCT was trans-
formed into a first degree fractional polynomial
function. PCT was statistically significantly associ-
ated with high grade VUR, as well as CRP (for which
no transformation was needed, as the linearity as-
sumption was verified), pelvicalyceal dilatation and

No. Pts
No. Males

(%)
No. Pts 1 Yr or

Younger (%)
No. All Grade

VUR (%)
No. Grade III or
Higher VUR (%)

56 16 (29) 22 (39) 14 (25) 6 (11)
33 17 (52) 24 (73) 9 (27) 9 (27)

54 17 (31) 29 (54) 19 (35) 9 (17)

) 80 27 (34) 58 (73) 15 (19) 9 (11)
33 9 (27) 15 (45) 7 (21) 4 (12)

23 16 (70) 23 (100) 7 (30) 1 (4)
167 75 (45) 129 (77) 44 (26) 14 (8)

48 20 (42) 26 (54) 11 (23) 4 (8)

494 197 (40) 326 (66) 126 (26) 56 (11)
ive

103)
104),

104),

am (105

5–104),
diagram
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ureteral dilatation in univariate analysis (table 2).
All variables were entered into the model, and after
a stepwise reduction procedure PCT and ureteral
dilatation remained significantly associated with
VUR grade III or higher and made a significant
contribution to the prediction according to the max-
imum likelihood ratio estimation (table 2). The fit of
the model was good (p �0.2), and its area under the
ROC curve was 0.75 (95% CI 0.69–0.81).

Using the coefficients assigned to each predictor
in the logistic regression model, we derived the pre-
diction model, logit (predicted probability of having
VUR grade III or higher) � �1.554 � 1.536 � ure-
teral dilatation – 0.129[�(100/PCT) – 4.888], where
ureteral dilatation was coded (0) if absent and (1) if
present, and PCT was the serum measurement. The
model led to the rule, cystography should be per-
formed in case of ureteral dilatation on renal US
when serum PCT is 0.17 ng/ml or greater, or if there
is no ureteral dilatation on renal US but serum PCT
level is 0.63 ng/ml or greater (see Appendix). The
clinical decision rule was significantly associated
with high grade VUR (OR 5.2, 95% CI 2.4–11.3, p
�0.001). Sensitivity was 86% (95% CI 74–93), spec-
ificity 47% (95% CI 42–51) and negative predictive
value 96% (95% CI 93–98) for VUR grade III or
higher. The presence of ureteral dilatation correctly
identified only 10 of 56 patients with VUR grade III
or higher, corresponding to a sensitivity of 18% (95%
CI 10–30) and a specificity of 96% (95% CI 94–98).

Table 2. Crude relationships between vesicoureteral reflux grad

No. VUR Grade II or
Lower (%)

No. VUR Grade III o
Higher (%)

Gender:
M 177 (40) 20 (36)
F 261 (60) 36 (64)

Age:
1 Yr or younger 288 (66) 38 (68)
Older than 1 yr 150 (34) 18 (32)

Family history of uropathy:†
Yes 57 (14) 7 (13)
No 354 (86) 48 (87)

Ureteral dilatation:
Yes 16 (4) 10 (18)
No 422 (96) 46 (82)

Pelvicalyceal dilatation:
Yes 93 (21) 21 (38)
No 345 (79) 35 (62)

Abnormal renal length:
Yes 31 (7) 6 (11)
No 407 (93) 50 (89)

CRP as continuous variable‡
PCT as continuous variable

(transformed in FP1)‡

* Adjusted OR for nonsignificant variables from model during stepwise reduction
† Sample size for family history differs from that for other variables because of
‡ Coefficient for CRP and PCT calculated from logistic regression equation, degree 1
Adding PCT to the decision rule helped to identify
correctly 37 other patients with VUR grade III or
higher (ie 66% of patients with reflux grade III or
higher, fig. 2).

In the specific subgroup of children for whom
urine was collected by suprapubic aspiration or ure-
thral catheterization the rule yielded 84% sensitiv-
ity (95% CI 62–95) and 48% specificity (95% CI 41–
54). From the whole population 8 cases (2%) of high
grade VUR were misdiagnosed by the rule (fig. 3), of
which 7 presented with grade III and 1 with grade
IV VUR. Internal cross-validation produced 86%
sensitivity (95% CI 79–93) and 43% specificity (95%
CI 39–47). If the PCT values included in the rule
were rounded to the nearest first digit after the
decimal point (0.2 ng/ml and 0.6 ng/ml, respec-
tively), this rounding rule had a sensitivity that did
not differ significantly from that of the rule (88%,
95% CI 76–94, difference of 2%, 95% CI �5–9), but
its specificity was significantly lower (44%, 95% CI
40–49, difference of 3%, 95% CI 1–4, table 3).

When we compared our model to PCT alone, the
areas under the ROC curves were not significantly
different (0.75, 95% CI 0.69–0.81 vs 0.73, 95% CI
0.63–0.79, p � 0.2). Applying the same prespecified
constraints, a rule based on PCT alone was derived
and formulated as, cystography should be performed
in case of PCT 0.6 ng/ml or greater. This rule had
86% sensitivity (95% CI 74–93) and 45% specificity
(95% CI 40–50), neither of which was significantly
different from those of the rule (0%, 95% CI �1–1

r higher and all variables

OR (95% CI) p Value Adjusted OR (95% CI)* p Value

0.5 0.2
0.8 (0.5–1.5) 0.6 (0.3–1.2)
1 1

0.8 0.3
1.1 (0.6–2.0) 1.5 (0.7–2.8)
1 1

0.8 0.9
0.9 (0.4–2.1) 1.0 (0.4–2.1)
1 1

�0.001 0.001
5.7 (2.5–13.4) 4.6 (1.9–14.4)
1 1

0.002 0.06
2.5 (1.4–4.6) 2.0 (0.97–4.0)
1 1

0.3 0.9
1.6 (0.6–4.0) 1.0 (0.3–2.7)
1 1
0.005 (0.001–0.008) 0.01 �0.0009 (�0.006–0.004) 0.7
0.14 (�0.19–�0.08) �0.001 �0.13 (�0.19–�0.07) �0.001

re just before their elimination and from final model for remaining variables.
data.
l polynomial transformation used for PCT was, �(100/PCT) – 4.888.
e III o

r

�

procedu
missing
for sensitivity vs 3%, 95% CI �1–9 for specificity).
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The Oostenbrink rule yielded a sensitivity of 95%
(95% CI 85–98) and a specificity of 17% (95% CI
14 –22) for the prediction of VUR grade III or
higher. There was no significant difference in sen-
sitivity between the 2 rules (10%, 95% CI �2–20),
but our rule had significantly higher specificity
(30%, 95% CI 25–35).

494 chi
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Figure 3. Distribution of PCT values according to presence of
ureteral dilatation on renal ultrasound. Horizontal lines repre-

sent dichotomization threshold in each group.
DISCUSSION

We formulated a clinical decision rule derived from a
small number of easily observed additional testing
factors that might permit a more selective approach
to cystography in children younger than 4 years
with UTI (see Appendix). For children with a first
febrile UTI cystography should be performed in the
presence of ureteral dilatation and serum PCT level
0.17 ng/ml or greater, or without ureteral dilatation
when the serum PCT level is 0.63 ng/ml or greater.
This rule predicted moderate or high grade (above
grade III) VUR with approximately 85% sensitivity
and would make it possible to avoid nearly half of
the cystograms that have no therapeutic conse-
quences. Negative predictive value was high,
thereby indicating that less than 5% of cases with a
negative result from the rule would have been mis-
diagnosed when they actually were mostly grade III
VUR. Moreover, because only patients with a posi-
tive test (ie 56% of sample set) would undergo
cystography, half of the cystograms would be
avoided. The rule included PCT, a twice validated
predictor of VUR,15,16 and ureteral dilatation, which
was shown to be the renal US criterion with the best
diagnostic accuracy for VUR.17

In addition to its significant association to high
grade VUR, including a renal US criterion in such a
decision rule appears to be clinically important in
terms of clinician habits and beliefs.21 Despite the
high specificity of ureteral dilatation, its contribu-
tion to the model was less important compared to
PCT. However, most of the predictive ability of a
model depends on 1 major predictor, and that is the

ith UTI
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PREDICTION OF VESICOURETERAL REFLUX IN CHILDREN270
ically performed in children with UTI, regardless of
the overall lack of evidence and the ongoing debates
about renal US diagnostic accuracy,22 including
such a criterion in the rule did not have any supple-
mentary cost in the management. Nonetheless, ure-
teral dilatation was kept in the rule in view of its
significant association to high grade VUR, its clini-
cal relevance and clinician beliefs.

The advantage of ureteral dilatation compared to
pelvicalyceal dilatation (for example) is that there is
no need for a threshold definition, which is espe-
cially useful given the lack of consensus for such a
definition for pelvicalyceal dilatation, and that its
predictive ability is the highest.17 When normal, the
ureter is an invisible anatomical structure on renal
US in a child. Thus, its visibility on renal US is
synonymous with dilatation, and its interobserver
variability might be lower than that of other renal
US criteria, thereby improving its reproducibility
and transportability. Furthermore, as most of the
predictive ability of the rule is based on PCT, the
variability due to this renal US criterion may affect
the rule only slightly. Although developed with com-
plex mathematical modeling techniques, the rule
was finally clinically reasonable and easy to use
formulated as a list of items. These 2 characteristics
appear important for a decision rule designed to
assist clinicians in making diagnostic decisions. In-
terestingly our rule had higher specificity than that
of Oostenbrink et al,20 and its sensitivity did not
differ significantly. This finding confirms the lack of
reproducibility of this rule, as previously demon-
strated by us,23 and Venhola et al.24

Briefly limitations must be addressed, such as the
presence of classification biases, selection bias (due
to the urine collection techniques used, or the loss of
patients to followup) and choices in the statistical
analysis. However, none of these limitations ap-
peared to have significantly modified our results.

We propose an evidence-based strategy interme-
diate between the systematic cystography recom-
mended in the past decade,2,3 and the wait and see
policy for recurrent UTI proposed in the National
Institute for Health and Clinical Excellence guide-
lines.11 The clinical decision rule could misdiagnose
a small number of children with VUR grade III or

Table 3. Performance of different rules for moderate and high

Rule OR (95% CI) Rounding Rule OR (95% C

Sensitivity 86 (74–93) 86 (76–94)
Specificity 47 (42–51) 44 (40–49)
Pos predictive value 17 (13–22) 17 (13–21)
Neg predictive value 96 (93–98) 97 (93–98)
Pos likelihood ratio 1.6 (1.4–1.8) 1.6 (1.4–1.8)
Neg likelihood ratio 0.3 (0.2–0.6) 0.3 (0.1–0.6)
higher, who could undergo cystography at the sec-
ond UTI. Considering that even high grade VUR can
spontaneously resolve in some patients,9 and that
most clinicians do not make any decision about sur-
gery to treat VUR grade III or higher after the first
UTI,1 little renal damage is likely before the second
UTI.

Our clinical decision rule focuses only on VUR
grade III or higher, meaning that cystography
should not be performed to diagnose low grade VUR.
Indeed, diagnosis of low grade VUR serves no ther-
apeutic purpose, given that its antibiotic prophy-
laxis has been observed to be equivalent to no treat-
ment.8 The cost of voiding cystography ($150) is 10
times that of PCT ($15). PCT makes it possible to
avert 42% of the routine cystograms. Thus, a PCT
based strategy vs a systematic approach reduces
costs by 30%.

We propose a predictive rule to identify children
at high risk for VUR grade III or higher and selec-
tively perform cystography for these patients. We
did not consider the use of DMSA scan, which, when
negative, reportedly is useful to rule out grade III or
higher VUR in children with febrile UTIs.25 Al-
though the frequency of VUR grade III or higher is
increased in children with renal damage,25 DMSA
scan is not the gold standard examination for VUR.
However, a top-down approach based on early
DMSA scan to diagnose acute pyelonephritis first
followed by application of our rule to decide on pre-
scribing cystography would be valuable. The possi-
ble limitations of such an approach are 1) DMSA
scans are not available at all centers, even univer-
sity centers, 2) children are often sedated for the
examination and 3) DMSA scans expose patients to
some radiation even if less than cystography. All of
these questions complicate the issue of which exam-
ination should be prescribed after UTI.

CONCLUSIONS

We derived a clinical decision rule that could permit
a more selective approach to cystography in children
younger than 4 years with UTI. This rule predicts
VUR grade III or higher with approximately 85%
sensitivity and would make it possible to avoid
nearly half of the cystograms that are a posteriori

vesicoureteral reflux

Rule Based on PCT Alone OR (95% CI) Oostenbrink’s Rule OR (95% CI)

86 (74–93) 95 (85–98)
45 (40–50) 17 (14–22)
17 (13–21) 13 (10–17)
96 (93–98) 96 (89–99)

1.6 (1.4–1.8) 1.2 (1.1–1.2)
0.3 (0.2–0.6) 0.3 (0.1–1.0)
grade

I)
without any therapeutic consequences. Although
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PREDICTION OF VESICOURETERAL REFLUX IN CHILDREN 271
ureteral dilatation was incorporated into the rule
because of its significant association to high grade
VUR, its clinical relevance and clinician beliefs, ure-
teral dilatation did not significantly improve the
predictability of the VUR grade III or higher com-
pared to procalcitonin alone.
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