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Procalcitonin to Reduce the Number of Unnecessary Cystographies in Children
with a Urinary Tract Infection:

A European Validation Study

SANDRINE LEROY, MD, CARLA ROMANELLO, MD, ANNICK GALETTO-LACOUR, MD, VLADISLAV SMOLKIN, MD,
BARTOSZ KORCZOWSKI, MD, CARLOS RODRIGO, MD, DAVID TUERLINCKX, MD, VINCENT GAJDOS, MD, FLORENCE MOULIN, MD,

MARZIA CONTARDO, MD, ALAIN GERVAIX, MD, RAPHAËL HALEVY, MD, BARBARA DUHL, MD, CRISTINA PRAT, MD,
THIERRY VANDER BORGHT, MD, PHD, LAURENCE FOIX-L’HÉLIAS, MD, FRANÇOIS DUBOS, MD, DOMINIQUE GENDREL, MD,

GÉRARD BRÉART, MD, AND MARTIN CHALUMEAU, MD, PHD

bjective To validate high serum procalcitonin (PCT) as a predictor of vesicoureteral reflux (VUR) in children with a first
ebrile urinary tract infection (UTI).

tudy design This secondary analysis of prospective hospital-based cohort studies included children ages 1 month to 4 years
ith a first febrile UTI.

esults Of the 398 patients included in 8 centers in 7 European countries, 25% had
UR. The median PCT concentration was significantly higher in children with VUR than

n those without: 1.6 versus 0.7 ng/mL (P � 10�4). High PCT (>0.5 ng/mL) was
ssociated with VUR (OR: 2.3; 95% CI, 1.3 to 3.9; P � 10�3). After adjustment for all
ofactors, the association remained significant (OR: 2.5; 95% CI, 1.4 to 4.4; P � 10�3).
he strength of the relation increased with the grade of reflux (P � 10�5). The sensitivity
f procalcitonin was 75% (95% CI, 66 to 83) for all-grade VUR and 100% (95% CI, 81
o 100) for grade >4 VUR, both with 43% specificity (95% CI, 37 to 48).

onclusions High PCT is a strong, independent and now validated predictor of VUR
hat can be used to identify low-risk patients and thus avoid one third of the unnecessary
ystourethrographies in children with a first febrile UTI. (J Pediatr 2007;150:89-95)

t has been estimated that 7% of girls and 2% of boys will have a urinary tract
infection (UTI) before 6 years of age.1 Among those with a first febrile UTI, 20%
to 40% are diagnosed with vesicoureteral reflux (VUR).2 VUR is a risk factor for

ecurring UTI, renal scarring, hypertension, and renal failure,2 and the risk is
orrelated to VUR grade.3 Antimicrobial prophylaxis and surgical correction are
herefore recommended for low-grade and high-grade VUR, respectively.4 Thus,
ediatric societies5-9 recommend routine voiding cystourethrography for all children
ith a first febrile UTI. The results of this procedure are normal, however, for 60%

o 80% of these children. Voiding cystourethrography has been associated with a risk
f iatrogenic UTI,10 exposes children to radiation, especially of the gonads,11 and is
oth painful12 and expensive.13 Moreover, a recent study of 780 patients with a first
TI during their first year of life found that only 40% underwent this screening.14

hese results mean that pediatricians are applying implicit criteria to select patients
or cystography and may indicate a place for a selective evidence-based approach that
ses a validated predictor. Ability to predict the absence of VUR would help to avoid
nnecessary cystography.15

Three predictive tools have been proposed as selective approaches for cystography.
ltrasonography alone, regardless of the criteria chosen, has poor sensitivity for VUR
rediction.3,16 A highly sensitive VUR risk score,17 combining clinical, laboratory, and
adiological variables, was also proposed, but some of us have shown that its reproduc-

RP C-reactive protein UTI Urinary tract infection

See related article, p 96
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bility is poor.18 Thus, new predictors of VUR in children
ith a first febrile UTI are needed to define selective ap-
roaches for cystography. Procalcitonin (PCT), a recently
dentified marker of bacterial infection,19,20 is a candidate
ecause it was shown to be associated with renal scars,21-23

hich, in turn, are correlated with VUR, especially high-
rade VUR.3 Some of us showed in a single-center study that
high serum PCT level at the time of the UTI diagnosis was
strong and independent predictor of VUR.24 Its sensitivity
as 85% for all-grade VUR and 92% for high-grade VUR,
ith a specificity of 44% in both cases. Because single-center

esults may be subject to both selection and measurement
iases (and, indeed, Chevalier et al25 recently argued that the
se of sterile bags for urine collection in the single-center
tudy24 may have introduced a strong bias), they should be
alidated by multicenter studies.26

The aim of the current work was to validate in a
ulticenter study, including centers that collected urine by

uprapubic aspiration or urethral catheterization, the use of
igh serum PCT as a predictor of VUR in children with a first
ebrile UTI.

METHODS
We conducted a secondary analysis of prospective hos-

ital-based cohort studies. Potential investigating centers
ere contacted if they had reported a cohort of patients with
first febrile UTI and a PCT measurement. Publications
ere identified by a MEDLINE search from 1993 to 2004
ith the key words procalcitonin and child and by a review of

bstract books from the Interscience Conference on Antimi-
robial Agents and Chemotherapy, the Infectious Diseases
ociety of America, and the European Society for Paediatric
nfectious Diseases from 1995 to 2004. Each center selected

able I. Population characteristics in each center

Center* n (398)
Inclusion

dates

enters using SA‡ or UC§
Afula 56 1999–2000
Badalona 40 1998–2001
Geneva 77 1998–2002
Udine 80 2000–2002
Yvoir 33 1999–2003

enters using SB¶
Clamart 23 2001–2002
Paris 40 2003–2004
Rzeszow 49 1997–1998;

2001–2004
ean

Classified according to the urine collection technique in non–toilet-trained children.
In colony-forming units/mL.
Suprapubic aspiration.
Urethral catheterization.
Clean-voided midstream.
Sterile bag.
ne or several study periods during which all children with a s

0 Leroy et al
rst febrile UTI routinely had PCT measurement and cys-
ography.

The study included all consecutive children ages 1
onth to 4 years and admitted with a first febrile UTI,

efined according to the criteria used in each center (Table I).
hildren with a known uropathy at the time of the UTI
iagnosis, those who had received antibiotics in the 48 hours
efore diagnosis, and patients already included in the previous
ingle-center study24 were not included.

Information was collected about each center’s tech-
iques for urine collection, PCT measurement, and cystog-
aphy. Each participating center sent an electronic file con-
aining the data of its previous prospective study. We
xtracted from files the clinical (sex, age, first-degree family
istory of uropathy), laboratory (C-reactive protein [CRP],
CT), and radiological data (urinary tract dilation on ultra-
onography, presence and grade of VUR on cystography)
eeded from each patient for the current study.

VUR was identified by a senior pediatric radiologist
blinded to PCT) from the voiding cystourethrographies or
irect radionuclide cystographies in each center. VUR was
raded from 0 to 5, according to the International System of
adiological Grading of Vesicoureteric Reflux27 only from

he voiding cystourethrographies, because precise grading is
ot possible with direct radionuclide cystographies.28

At admission, each patient’s serum PCT was prospec-
ively measured with the LUMItest PCT immunolumino-
etric assay or the BRAHMS PCT-Q semiquantitative rapid

est (BRAHMS, Hennigsdorf, Germany). The PCT variable
as dichotomized for some analyses at the previously pro-
osed cutoff point of 0.5 ng/mL, which corresponded to the
edian of the distribution (rounded to the nearest half inte-

er) among patients without VUR included in the previous

ine collection techniques
hreshold of the positive

bacteriuria)†
All-grade
VUR, %

Grade >3
VUR, %

(101), UC (103) 25 11
(102), UC (104), CVM� (105) 38 29
(103), UC (104), CVM (105) 29 13
(5 104), CVM (105) 19 11

(103), UC (5 104), CVM (105) 21 12

105) 30 4
105), CVM (105) 25 5
105), CVM (105) 22 8

25 12
Ur
(t

SA
SA
SA
UC
SA

SB (
SB (
SB (
ingle-center study.24

The Journal of Pediatrics • January 2007

martinezm
Texte surligné 

martinezm
Texte surligné 



l
u
a
a
s
u
c
t
c
(
s
m
t
C
m
r
w
m

I
A
S
a
w
t
a
e
b
a
c
�
b
D
t
p
a
a
t
l
b
f
t
o
n
g
r

n
P
i

R

t

8
f
t
o
c
p
v
o

t
r
u
(
i
b
i
a
t
g

P

d
1
f
t
c

P

h
0
s
n

F
h
a

P
C

All risk factors for VUR previously described in the
iterature were used as cofactors of interest: family history of
ropathy,29 young age,2,30 male sex,2 high serum CRP at
dmission,17 and urinary tract dilation (defined as renal pelvic
nd/or ureteral dilation) on ultrasonography17 identified by a
enior pediatric radiologist. The urine collection technique
sed in each center was also considered as a cofactor.25 The
ofactors were dichotomized according to previously proposed
hresholds, as follows: first-degree family history of uropathy
oded as (1), no such history (0)29; age �1 year (1), >1 year
0)2,30; boys (1), girls (0)2; urinary tract dilation on ultra-
onography (1), or not (0)17; and sterile bags or clean-voided
idstream for urine collection (1), or suprapubic aspiration,

ransurethral catheterization or clean-voided midstream (0).
RP values were dichotomized and the cutoff point set at the
edian of the distribution among patients without VUR,

ounded to the nearest multiple of 10, which is consistent
ithin values previously suggested in the literature: CRP �40
g/L (1), CRP <40 mg/L (0).31-34

Statistical analyses were performed with the use of EPI
NFO software (Centers for Disease Control and Prevention,
tlanta, Ga) and Stata/SE 8 software (StataCorp, College
tation, Tex). We first analyzed the distribution of PCT
ccording to VUR grade. These distributions were compared
ith the Mann-Whitney or Kruskall-Wallis nonparametric

est. Second, a univariate analysis used the odds ratio (OR)
nd the �2 test to evaluate the relation between VUR and
ither high PCT (�0.5 ng/mL) or all cofactors. The relation
etween VUR and high PCT was determined for all children
nd then for the subgroup for whom urine specimens were
ollected by suprapubic aspiration or catheterization. If the 2

2 table contained a zero cell, we calculated a corrected OR
y adding 0.5 in each cell of the table.35 Third, the Breslow-
ay test assessed the potential interaction of the cofactors in

he relation between VUR and high PCT. Fourth, the inde-
endence of the relation between VUR and high PCT was
ssessed after adjustment for all cofactors and for center, with
logistic regression model. Adjustments for urine collection

echnique and for center were performed in two different
ogistic regression models because of a strong colinearity
etween these variables. Fifth, the relation between the dif-
erent VUR grades and high PCT was examined with the �2

est for trend. Sixth, we determined the discriminating power
f high PCT by calculating its sensitivity, specificity, and
egative and positive predictive values for VUR according to
rade. Finally, likelihood ratios were used to analyze the
elation between VUR and high PCT.

Patients with a PCT-Q semiquantitative rapid test were
ot included in the analyses of PCT as a continuous variable.
atients for whom direct radionuclide cystography was used to

dentify VUR were not included in the analyses by VUR grade.

RESULTS

ecruitment
The search strategy described above identified 9 cen-
ers.21-23,31-34,36-39 All agreed to participate in the study, and t

rocalcitonin to Reduce the Number of Unnecessary Cystographies in
hildren with a Urinary Tract Infection: A European Validation Study
centers provided complete data files. Centers varied widely
or inclusion dates, urine collection techniques, UTI diagnos-
ic criteria, and prevalence of VUR (Table I). The prevalence
f VUR did not statistically differ (P � .9) according to urine
ollection technique: it was 26% for the centers using supra-
ubic aspiration, transurethral catheterization, or clean-
oided midstream versus 25% for the centers using sterile bags
r clean-voided midstream.

Four hundred thirty-six patients met the inclusion cri-
eria. Because 36 (8%) were lost to follow-up before cystog-
aphy could be performed and PCT values on admission were
navailable for 2 (0.5%) others, the analysis was based on 398
91%) patients. Analysis of PCT as a continuous variable
nvolved only 374 (94%) patients because PCT was measured
y the PCT-Q semiquantitative test for 24 patients. VUR was
dentified by direct radionuclide cystography for 5 patients
nd thus analyses by VUR grades concerned 393 (99%) pa-
ients. Analyses of PCT as a continuous variable by VUR
rades involved only 369 (93%) patients.

opulation Characteristics
The mean age of the children was 13.1 months (stan-

ard deviation [SD]: 12.0; median, 9.0; interquartile, 4.0 to
8.0); 154 (39%) were boys. Thirty-six (10%) patients had a
amily history of uropathy. Ultrasonography showed urinary
ract dilation in 81 (21%). VUR was diagnosed in 101 (25%)
hildren, and it was grade �3 in 46 (12%) (Table I).

rocalcitonin
The median PCT concentration was significantly

igher in children with VUR than in those without: 1.6 versus
.7 ng/mL (P � 10�4). The median PCT value increased
ignificantly (P � 10�5) with the VUR grade (Figure). A 0.5
g/mL PCT concentration was used as the threshold defini-

PCT (ng/mL)

0.1

1

10

No VUR Grade 1, 2 VUR Grade 3 VUR Grade 4, 5 VUR

0.7
0.8

3.3
3.7

0.5

igure. Distribution of PCT values according to VUR grade. Dashed
orizontal line is the dichotomization threshold; short, bold, horizontal lines
re the median for each group. n � 369. See text.
ion of high PCT for the dichotomization in the subsequent

91
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nalyses (Table II). At this threshold, the OR between VUR
nd high PCT was 2.3 (95% confidence interval [CI], 1.3 to
.9; P � 10�3) and 1.9 (95% CI, 1.0 to 3.6; P � .03) for the
hildren for whom urine specimens were collected by supra-
ubic aspiration or urethral catheterization. VUR was not
ignificantly related to any cofactors (Table III). Neither any
f these cofactors nor the center interacted significantly in the
elation between VUR and high PCT (P >.1). Logistic
egression analysis used the data of only 368 (92%) patients,
ncluding 93 (25%) with VUR, because of missing data for
ofactors for 30 patients. Adjustment for all cofactors and
rine collection technique yielded an adjusted OR of 2.5 (95%
I, 1.4 to 4.4; P � 10�3). Adjustment for all cofactors and

enter yielded an adjusted OR of 2.6 (95% CI, 1.4 to 4.9; P
10�3). The strength of the association increased signifi-

antly (P � 10�5) with the grade of VUR (Table II).
Of 101 patients with VUR, 25 (25%) had low PCT

evels, so that high PCT had a sensitivity for all-grade VUR
f 75% (95% CI, 66 to 83), a positive predictive value of 31%
95% CI, 25 to 37), and a negative predictive value of 84%
95% CI, 77 to 89). Five (11%) of the 46 patients with grade
3 VUR had low PCT concentrations, so that high PCT had
sensitivity for grade �3 VUR of 89% (95% CI, 77 to 95), a
ositive predictive value of 19% (95% CI, 14 to 25), and a
egative predictive value of 96% (95% CI, 91 to 99). Among
hese 5 patients, 3 had urinary tract dilation on ultrasonog-
aphy. Four of these 5 patients underwent renal scintigraphy,
hich was normal for three and showed antenatal dysplasia

or one. None of the 16 patients with grade 4 or 5 VUR had
low PCT concentration. The sensitivity of high PCT was

00% (95% CI, 81 to 100) for grade 4 or 5 VUR. Its positive
nd negative predictive values were, respectively, 9% (95% CI,
to 14) and 100% (95% CI, 97 to 100). Specificity was 43%

95% CI, 37 to 48), regardless of VUR grade.
Positive and negative likelihood ratios were, respec-

ively, 1.3 (95% CI, 1.1 to 1.5) and 0.6 (95% CI, 0.4 to 0.8)
or all-grade VUR and, respectively, 1.5 (95% CI, 1.2 to 1.8)
nd 0.4 (95% CI, 0.2 to 0.9) for grade �3 VUR (Table II).

DISCUSSION
We confirmed that a high serum PCT concentration

able II. Crude relations between VUR and high PC

VUR grade n (%)

PCT (ng/mL) n (%)

<0.5 >0.5

one 297 (75) 127 (43) 170 (57)
ll-grade VUR†. 101 (25) 25 (25) 76 (75)
Grade 1, 2 VUR 50 (13) 19 (38) 31 (62)
Grade 3 VUR 30 (8) 5 (17) 25 (83)
Grade 4, 5 VUR 16 (4) 0 (0) 16 (100)

OR for VUR of patients with high PCT levels.
n � 398 for all-grade VUR, n � 393 for VUR in grade (see text).
Corrected OR.38

95% Confidence interval not calculable.
�0.5 ng/mL) is a strong and independent predictor of VUR c

2 Leroy et al
n children with a first febrile UTI diagnosed with different
rine collection techniques. Moreover, the relation grew sig-
ificantly stronger as VUR grade increased. The discriminat-

ng power of a high PCT level was consistent with the
ndings from the single-center study.24 A high PCT level
redicted VUR with high sensitivity: 75% (95% CI, 66 to 83)
or all-grade VUR and 100% (95% CI, 81 to 100) for grade 4
r 5 VUR. Its specificity was 43% (95% CI, 37 to 48). A
CT-based strategy could thus have been used to avoid 152
ystourethrographies, including 127 that turned out to be
nnecessary, and it would have misdiagnosed only 5 children
ith a grade 3 VUR.

This study evaluated the geographic, historic, and
ethodologic transportability of the relation between VUR

nd PCT.26 Geographic transportability was tested by the
ulticenter international study design. The wide range of
UR prevalence values (19% to 38%) attested to the different

ecruitment patterns. Historic transportability was assessed by
ncluding patients from 1997 through 2004. Validity across
arious methods was shown with the different urine collection
echniques (suprapubic aspiration, urethral catheterization,
lean-voided midstream, or sterile bag), diagnostic criteria
hresholds for positive bacteriuria, PCT measurement tech-
iques (immunoluminometric quantitative assay or PCT-Q
emiquantitative rapid test), and cystography techniques
voiding cystourethrography or direct radionuclide cystogra-
hy).

PCT, the prohormone of calcitonin, is an early, sensi-
ive, and specific marker of bacterial infection.19,20 However,
ts role in inflammatory response and in the cytokine cascade
emains unknown.20 In febrile UTI, a high PCT concentra-
ion is a validated predictor of acute pyelonephritis (confirmed
y early renal scintigraphy)22,23,31,36 and for late renal
cars.21-23 The risk of renal scarring also increases with VUR
rade.3 The probably greater frequency of retrograde renal
noculation during UTI in cases of VUR2 explains the asso-
iation between VUR (especially high-grade VUR) and high
CT.

The main limitation of this study is its design, a sec-
ndary analysis of prospective cohort studies, which may have
ed to several biases. We searched only published reports and

* (95% CI) P value

Likelihood
ratio positive

(95% CI)

Likelihood
negative
(95% CI)

1
.3 (1.3–3.9) .001 1.3 (1.1–1.5) 0.6 (0.4–0.8)
.2 (0.6–2.4) .5 1.1 (0.9–1.4) 0.9 (0.6–1.3)
.7 (1.4–12.8) .005 1.5 (1.2–1.8) 0.4 (0.2–0.9)
‡ (1.5–415) .0007 1.7 (1.6–1.9) 0.0 (–)§
T

OR

2
1
3

24.7
ongress abstracts. It is possible that this approach led to a
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ublication bias insofar as studies with null findings were less
ikely to have been reported. Nonetheless, one of the studies
ncluded in this analysis found negative results for the relation
etween renal involvement and PCT.33 Publication bias is
hus unlikely. Another limitation is that center selection was
ased on voluntary participation. One center did not complete
he study. The authors of this study had shown in a prospec-
ive multicenter cohort study of 445 patients that PCT was a
ensitive and specific marker for distinguishing viral and bac-
erial infections in the emergency room.39 The mean PCT
oncentration among the 92 patients with a febrile UTI was
igher in the children with than without renal parenchymal

nvolvement, evaluated by early DMSA scintigraphy: 4.9
g/mL (SD: 13.2) versus 0.3 ng/mL (SD: 0.2).39 These
ndings are similar to those reported in the four studies we

ncluded that examined the relation between renal involve-
ent in febrile UTI and PCT.22,23,31,36 Thus, participation

ias is also unlikely. Pooling data from different centers may
ave induced heterogeneity. However, there was no signifi-
ant interaction with the center in the relation between VUR
nd high PCT. Furthermore, the relation between VUR and
igh PCT remained strong and statistically significant after
djustment for all cofactors, including the center.

The use of sterile bags for urine collection in several
enters could have introduced a selection bias,25 as this tech-
ique is less specific than suprapubic aspiration or transure-

able III. Crude relations between VUR and potenti

Variables*
None VUR

n (%)
All-grade VU

n (%)

amily history of uropathy
(n � 374)

Yes 24 (9) 12 (13)
No 256 (91) 82 (87)

ex (n � 398)
Male 118 (40) 36 (36)
Female 179 (60) 65 (64)

ge (n � 398)
�1 year 191 (64) 57 (56)
�1 year 106 (36) 44 (44)

rinary tract dilation on US†
(n � 393)

Yes 56 (19) 25 (25)
No 237 (81) 75 (75)

RP (n � 397)
�40 mg/L 207 (70) 77 (76)
�40 mg/L 89 (30) 24 (24)

rine collection technique
(n � 398)

SB‡ or CVM§ 84 (28) 28 (28)
SA�, UC¶ or CVM 213 (72) 73 (72)

The sample sizes for each variable differed because of missing data for few of them (s
Ultrasonography.
Sterile bag.
Clean-voided midstream.
Suprapubic aspiration.
Urethral catheterization.
hral catheterization and not recommended by the American p

rocalcitonin to Reduce the Number of Unnecessary Cystographies in
hildren with a Urinary Tract Infection: A European Validation Study
cademy of Pediatrics.5 Our study did indeed include some
atients who would not have had a diagnosis of UTI if
uprapubic aspiration or transurethral catheterization had
een used. Had the specificity of sterile bags been truly poor,
he prevalence of VUR in our study would have been higher
n children with UTI diagnosed by suprapubic aspiration or
ransurethral catheterization than by sterile bags. However, it
id not differ significantly according to the urine collection
echnique used (26% for the centers using suprapubic aspira-
ion, transurethral catheterization, or clean-voided midstream
ersus 25% for those using sterile bags or clean-voided mid-
tream, P � .9). Furthermore, the OR between VUR and
igh PCT was still significant in the subgroup for whom urine
pecimens were collected by suprapubic aspiration, catheter-
zation, or clean-voided midstream. Moreover, the urine col-
ection technique did not significantly interact in the relation
etween VUR and high PCT. Finally, the relation between
UR and high PCT remained strong and statistically signif-

cant after adjustment for all cofactors, including the urine
ollection technique used in each center. We therefore think
hat such a selection bias cannot explain our results. More-
ver, sterile bags are routinely used by 25% of North Amer-
can pediatricians40 and in many European countries.17,24,37,38

We propose to replace the current systematic screening
trategy for VUR by a PCT-based selective approach, even
hough high PCT did not offer 100% sensitivity for the

nfounders

OR (95% CI) P value
Adjusted OR

(95% CI) P value

1.6 (0.7–3.5) .2 1.6 (0.7–3.4) .2
1 1

0.8 (0.5–1.4) .5 0.9 (0.5–1.6) .8
1 1

0.7 (0.4–1.2) .2 0.8 (0.4–1.3) .3
1 1

1.4 (0.8–2.5) .2 1.6 (0.9–3.0) .1
1 1

1.4 (0.8–2.4) .2 0.9 (0.5–1.7) .8
1 1

1.0 (0.6–1.7) .9 1.0 (0.5–1.7) .9
1 1

).
al co

R

ee text
rediction of all-grade or grade �3 VUR. One way to deal
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ith this lack of sensitivity is to accept that VUR will remain
ndiagnosed for some patients after a first febrile UTI. The
otential adverse consequences of this practice should be
alanced against the debatable efficacy of treatments (second-
ry antibiotic prophylaxis and surgery) for children with
UR4,41 and the possibility that low-grade VUR and even
igh-grade VUR can spontaneously disappear.42 These rea-
ons have led some authors43 to propose waiting for the
econd febrile UTI, if any, for screening VUR. Moreover, of
he 4 patients with grade 3 VUR, a PCT concentration <0.5
g/mL and renal scintigraphy, 3 had normal findings and 1
ad antenatal dysplasia. Waiting for a second febrile UTI, if
ny, for screening VUR in patients with low PCT would thus
ot have exposed these patients to important renal dam-
ge.22,23,31,36

There is a current debate on the a priori recommenda-
ion for a voiding cystourethrography as the first study to be
one after a first febrile UTI, contrary to the alternative
ecommendation to look for damaged kidneys by a renal
cintigraphy.44 Because high PCT levels also predict the
resence of acute pyelonephritis22 and renal scarring,20 a
CT-based strategy could identify patients who need either
oiding cystourethrography or renal scintigraphy.

The cost of a voiding cystourethrography (�$150) is 10
imes that of PCT (�$15). PCT makes it possible to avert
8% of the routine cystourethrographies. A PCT-based strat-
gy versus a systematic approach thus reduces costs by 30%.

In conclusion, high PCT is a strong, independent and
ow validated predictor of vesicoureteral reflux and can be
sed to identify low-risk patients to avoid unnecessary cys-
ourethrographies.

e thank Drs Serena Ellero (Department of Pediatrics, Univer-
ity of Udine, Udine, Italy), Elisabeth Marc (Department of
mergency Medicine, Saint-Vincent-de-Paul Hospital, Paris,
rance), Catherine Adamsbaum (Department of Radiology,
aint-Vincent-de-Paul Hospital, Paris, France), Josette Ray-
ond (Department of Bacteriology, Cochin Hospital, Paris,
rance), Mélanie Annoussamy, Jean-Marc Tréluyer (URC, Co-

hin Hospital, Paris, France), and Jennifer Zeitlin (INSERM
149, Paris, France).

REFERENCES
. Marild S, Jodal U. Incidence rate of first-time symptomatic urinary tract infection
n children under 6 years of age. Acta Paediatr 1998;87:549-52.
. Jacobson SH, Hansson S, Jakobsson B. Vesico-ureteric reflux: occurrence and
ong-term risks. Acta Paediatr 1999;88:22-30.
. Hoberman A, Charron M, Hickey RW, Baskin M, Kearney DH, Wald ER.
maging studies after a first febrile urinary tract infection in young children. N Engl
Med 2003;348:195-202.
. Elder JS, Peters CA, Arant BS, Ewalt DH, Hawtrey CE, Hurwitz RS, et al.
ediatric Vesicoureteral Reflux Guidelines Panel summary report on the management of
rimary vesicoureteral reflux in children. J Urol 1997;157:1846-51.
. American Academy of Pediatrics, Committee on Quality Improvement, Subcom-
ittee on Urinary Tract Infection. Practice parameter: the diagnosis, treatment, and

valuation of the initial urinary tract infection in febrile infants and young children.
ediatrics 1999;103:843-52.
. Jodal U, Lindberg U. Guidelines for management of children with urinary tract
nfection and vesico-ureteric reflux: recommendations from a Swedish state-of-the-art

onference: Swedish Medical Research Council. Acta Paediatr 1999;88:87-9.
. Groupe Suisse de Travail de Néphrologie Pédiatrique. Traitement des infections

q
E

4 Leroy et al
rinaires chez l’enfant. Available at: http://www/swiss-paediatrica.org/paediatrica/
ol12/pyelo-fr/htm.
. Royal College of Physicians. Guidelines for the management of acute urinary tract
nfection in childhood: report of a working group of the Research Unit. J R Coll
hysicians Lond 1991;25:36-42.
. Guillot M, Eckart P, Dacher JN. Initial imaging in pediatric urinary tract infec-
ion. Arch Pediatr 1998;5:282-4.
0. Guignard JP. Urinary infection after micturating cystography. Lancet 1979;1:103.
1. Fotakis M, Molyvda Athanasopoulos E, Psarrakos K, Economou I. Radiation
oses to paediatric patients up to 5 years of age undergoing micturating cystourethrog-
aphy examinations and its dependence on patient age: a Monte Carlo study. Br J Radiol
003;76:812-7.
2. Hagglof B. Psychological reaction by children of various ages to hospital care and
nvasive procedures. Acta Paediatr 1999;88:72-8.
3. Nicklasson L, Hogard S. Cost-analysis of management strategies for children with
esico-ureteric reflux. Acta Paediatr 1999;88:79-86.
4. Cohen AL, Rivara FP, Davis R, Christakis DA. Compliance with guidelines for
he medical care of first urinary tract infections in infants: a population-based study.
ediatrics 2005;115:1474-8.
5. Jodal U. Selective approach to diagnostic imaging of children after urinary tract
nfection. Acta Paediatr 2000;89:767-8.
6. Mahant S, Friedman J, MacArthur C. Renal ultrasound findings and vesi-
oureteral reflux in children hospitalised with urinary tract infection. Arch Dis Child
002;86:419-20.
7. Oostenbrink R, van der Heijden AJ, Moons KG, Moll HA. Prediction of
esico-ureteric reflux in childhood urinary tract infection: a multivariate approach. Acta
aediatr 2000;89:806-10.
8. Leroy S, Marc E, Adamsbaum C, Gendrel D, Bréart G, Chalumeau M. Predic-
ion of vesico-ureteral reflux after first urinary tract infection in children: validation of a
ecision rule. Arch Dis Child 2006;91:241-4.
9. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, Bohuon C. High serum
rocalcitonin concentrations in patients with sepsis and infection. Lancet 1993;341:
15-8.
0. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum procalcitonin and
-reactive protein levels as markers of bacterial infection: a systematic review and
eta-analysis. Clin Infect Dis 2004;39:206-17.

1. Prat C, Dominguez J, Rodrigo C, Gimenez M, Azuara M, Jimenez O, et al.
levated serum procalcitonin values correlate with renal scarring in children with urinary

ract infection. Pediatr Infect Dis J 2003;22:438-42.
2. Benador N, Siegrist CA, Gendrel D, Greder C, Benador D, Assicot M, et al.
rocalcitonin is a marker of severity of renal lesions in pyelonephritis. Pediatrics 1998;
02:1422-5.
3. Pecile P, Miorin E, Romanello C, Falleti E, Valent F, Giacomuzzi F, et al.
rocalcitonin: a marker of severity of acute pyelonephritis among children. Pediatrics
004;114:e249-54.
4. Leroy S, Adamsbaum C, Marc E, Moulin F, Raymond J, Gendrel D, et al.
rocalcitonin as a new predictor for vesico-ureteral after 1st urinary tract infection in
hildren. Pediatrics 2005;115:e706-9.
5. Chevalier I, Gauthier M. Procalcitonin and vesicoureteral reflux in children with
rinary tract infection. Pediatrics 2005;116:1261-2.
6. McGinn TG, Guyatt GH, Wyer PC, Naylor CD, Stiell IG, Richardson WS.
sers’ guides to the medical literature, XXII: how to use articles about clinical decision

ules: Evidence-Based Medicine Working Group. JAMA 2000;284:79-84.
7. Lebowitz RL, Olbing H, Parkkulainen KV, Smellie JM, Tamminen-Mobius TE.
nternational system of radiographic grading of vesicoureteric reflux: International
eflux Study in Children. Pediatr Radiol 1985;15:105-9.
8. Fettich J, Colarinha P, Fischer S, Frokier J, Gordon I, Hahn K, et al. Guidelines
or direct radionuclide cystography in children. Eur J Nucl Med Mol Imaging
003;30:B39-44.
9. Feather S. Vesicoureteric reflux: all in the genes? Lancet 1996;348:725-8.
0. Gelfand MJ, Koch BL, Cordero GG, Salmanzadeh A, Gartside PS. Vesicoureteral
eflux: subpopulations of patients defined by clinical variables. Pediatr Radiol
000;30:121-4.
1. Gervaix A, Galetto-Lacour A, Gueron T, Vadas L, Zamora S, Suter S, et al.
sefulness of procalcitonin and C-reactive protein rapid tests for the management of

hildren with urinary tract infection. Pediatr Infect Dis J 2001;20:507-11.
2. Galetto-Lacour A, Zamora SA, Gervaix A. Bedside procalcitonin and C-reactive
rotein tests in children with fever without localizing signs of infection seen in a referral
enter. Pediatrics 2003;112:1054-60.
3. Tuerlinckx D, Vander Borght T, Glupczynski Y, Galanti L, Roelants V, Krug B,
t al. Is procalcitonin a good marker of renal lesions in febrile urinary tract infection? Eur
Pediatr 2005;164:651-2.
4. Prat C, Domingez J, Rodrigo C, Gimenez M, Azuara M, Blanco S, et al. Use of

uantitative procalcitonin measurements to identify children with sepsis and meningitis.
ur J Clin Microbiol Infect Dis 2004;23:136-8.

The Journal of Pediatrics • January 2007

http://www/swiss-paediatrica.org/paediatrica/vol12/pyelo-fr/htm
http://www/swiss-paediatrica.org/paediatrica/vol12/pyelo-fr/htm
martinezm
Texte surligné 



3
A
N
h
3
a
4
3
l
e
N
P
3
a
p
3
P

b
q
4
R
t
M
4
M
a
4
l
4
v
a
4
r
a

P
C

5. Deeks JJ, Higgins JPT, Altman DG, editors. Analysing and presenting results. In:
lderson P, Green S, Higgins J, editors. Cochrane Reviewers’ Handbook 4.2.2 [updated
ovember 2004]; Section 8. Available at: http://www.cochrane.org/resources/

andbook/hbook.htm.
6. Smolkin V, Koren A, Raz R, Colodner R, Sakran W, Halevy R. Procalcitonin as
marker of acute pyelonephritis in infants and children. Pediatr Nephrol 2002;17:

09-12.
7. Gajdos V, Bénatar C, Guérin S, Trioche P, Perreaux F, Mollet A, et al. Intérêt de
a procalcitonine et de la C-réactive protéine pour la prédiction des infections bactéri-
nnes sévères (IBS) chez les nourrissons de moins de trois mois aux urgences. Congrès
ational de la Société Française de Pédiatrie, Lille, France, June 2004 [abstract]. Arch
ediatr 2004;11:728.
8. Korczowski B, Piasecka K, Duhl B, Bijos A. Procalcitonin and C-reactive protein
s markers of bacteriemia in children hospitalized with pneumonia and acute pyelone-
hritis. Pediatr Pol 2004;129:205-10.
9. Fernandez Lopez A, Luaces Cubells C, Garcia Garcia JJ, Fernandez Pou J.
rocalcitonin in pediatric emergency departments for the early diagnosis of invasive
rocalcitonin to Reduce the Number of Unnecessary Cystographies in
hildren with a Urinary Tract Infection: A European Validation Study
acterial infections in febrile infants: results of a multicenter study and utility of a rapid
ualitative test for this marker. Pediatr Infect Dis J 2003;22:895-903.
0. Newman TB, Bernzweig JA, Takayama JI, Finch SA, Wasserman RE, Pantell
H. Urine testing and urinary tract infections in febrile infants seen in office settings:

he Pediatric Research in Office Settings’ Febrile Infant Study. Arch Pediatr Adolesc
ed 2002;156:44-54.

1. Smellie JM, Barratt TM, Chantler C, Gordon I, Prescod NP, Ransley PG, et al.
edical versus surgical treatment in children with severe bilateral vesicoureteric reflux

nd bilateral nephropathy: a randomised trial. Lancet 2001;357:1329-33.
2. Sjostrom S, Sillen U, Bachelard M, Hansson S, Stokland E. Spontaneous reso-
ution of high grade infantile vesicoureteral reflux. J Urol 2004;172:694-9.
3. Cochat P. Question au spécialiste. Longtemps au ban des accusés, le reflux
ésico-urétéral peut-il maintenant bénéficier d’une présomption d’innocence? Available
t: http://www.swiss-paediatrica.org/paediatrica/vol14/n3//pdf:91-93.pdf.
4. Gordon I, Barkovics M, Pindoria S, Cole TJ, Woolf AS. Primary vesicoureteric
eflux as a predictor of renal damage in children hospitalized with urinary tract infection:
systematic review and meta-analysis. J Am Soc Nephrol 2003;14:739-44.
Fifty Years Ago in The Journal of Pediatrics
MEDICAL PROGRESS: THE ABNORMAL HEMOGLOBINS: CLINICAL AND HEMATOLOGIC ASPECTS

Smith, CH. J Pediatr 1957;50:91-113

Linus Pauling et al reported in 19491 that an abnormal hemoglobin molecule was present in persons with sickle cell
anemia, and presumably it was responsible for the manifestations of this disorder. Additional hemoglobin variants were
subsequently identified and reported in persons with other disease states and of different ancestries. Using gel
electrophoresis to distinguish these abnormal hemoglobins, variants were initially designated by letters of the alphabet
(eg, HbC, HbD, HbE, etc.).

In this 1957 Medical Progress article, Smith describes in great detail the then-current state of the art in terms of
laboratory methodology, nomenclature, erythrocyte morphology, and clinical correlation with known diseases. The article
provides a readable snapshot into a rapidly developing area of research. At that point in time, the abnormal hemoglobins
had proceeded up through HbJ, but the author accurately predicted that more variants would likely follow.

Indeed that has occurred! Now 50 years later, there are more than 500 beta globin variants reported, and almost 500
additional alpha and gamma globin variants, according to the Hemoglobin Variant (HbVar) Database maintained at
http://globin.cs.epsu/edu. Alphabetic nomenclature has long since been abandoned, as has the use of city/hospital names,
and now the variants are designated by their specific nucleotide sequence mutations. Molecular diagnostic methodology,
including direct DNA sequencing, has replaced gel electrophoresis and other older techniques. Our understanding of
these abnormal hemoglobin variants has also evolved considerably.

Russell E. Ware, MD, PhD
Chair, Department of Hematology

St. Jude Children’s Research Hospital
Memphis, Tennessee

10.1016/j.jpeds.2006.09.013
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