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Introduction. Procalcitonin is a reliable and specific marker of
bacterial infections such as urinary tract infection. Some authors
suggest measurement of serum procalcitonin as a predictor of
vesicoureteral reflux (VUR). We investigated this association in
children admitted because of acute pyelonephritis.

Materials and Methods. Forty-eight children with the first febrile
urinary tract infection were included. Twelve patients had low-
grade VUR, 9 patients had high-grade VUR, and 27 patients did
not have any VUR in their imaging assessment.

Results. There was a significant association between high-grade
VUR and higher levels of procalcitonin (P = .04). The sensitivity
of a procalcitonin level of 0.31 ng/mL or greater was 90% and the
specificity was 32% for diagnosis of high-grade VUR.
Conclusions. We concluded that serum procalcitonin concentration

is a sensitive and promising predictor of high-grade VUR.

Vesicoureteal reflux (VUR) predisposes acute
pyelonephritis, renal damage, and scarring. Renal
insufficiency, hypertension, electrolyte and acid
base disturbances, somatic growth impairment,
and morbidity during pregnancy are reported in
severe forms of reflux nephropathy. Diagnosis of
VUR usually requires bladder catheterization and
these techniques are expensive and irradiating. On
this basis, many centers changed their guidelines
regarding the utilization of imaging studies in
patients with urinary tract infection (UTI). In
these guidelines, it is important to find high-
risk children with UTI. Thus, it is suggested to
perform technetium Tc 99m dimercaptosuccinic
acid (99mTc-DMSA) scan and ultrasonography
at the first step. Voiding cystourethrography
(VCUG) and radionuclide cystography (RNC) are
recommended in patients with abnormal DMSA
or ultrasonography.!

There are also some serum and urinary biomarkers
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that help for recognizing high-risk patients. These
markers may be useful in early diagnosis of renal
scarring and VUR, especially high-grade VUR. As
low-grade VUR is not recommended for antibiotic
prophylaxis in recent studies? and resolves
spontaneously in most patients without renal
damage, the use of some techniques is suggested
to early diagnose patients with high-grade VUR
and to select them for VCUG or RNC. Procalcitonin
is one of these markers that is suggested to rise
remarkably in high-grade VUR and is useful for
this aim,*® but this supposition needs more studies
for confirmation. The purpose of this study was to
determine whether we can use serum procalcitonin
concentration as a marker of VUR presence or VUR
degree in children with UTL

Patients with the first febrile UTI who admitted
in Rasool Akram Hospital were included in this
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prospective study. Urinary tract infection was
diagnosed by clinical symptoms and positive
urine culture obtained by midstream in children
and suprapubic or catheter in infants. All
patients had undergone VCUG or RNC. Voiding
cystourethrography was performed in infants.
Patients with neurogenic bladder were excluded
from this study. Infants with signs or symptoms
or VCUG findings of neurogenic bladder were
excluded, too. The first VUR grading on VCUG
was performed based on the international system of
radiologic grading of VUR. Patients were divided
into those without VUR, with low-grade VUR
(grades 1 and 2), and patients with high-grade
VUR (grade 3 and higher). On admission, the
serum procalcitonin was measured in all patients.

Data were analyzed using the the SPSS software
(Statistical Package for the Social Sciences, version
18.0, SPSS Inc, Chicago, Ill, USA). Descriptive results
were expressed as mean + standard deviation. All
of the quantitative variables were compared using
the analysis of variance test. The receiver operating
characteristic curve analysis was performed to
assess the predictability of serum procalcitonin
for the presence and severity of VUR. A receiver
operating characteristic curve is obtained by
plotting sensitivity against the false positive rate
(1 - specificity) for all possible cutoff points of the
serum procalcitonin level. A P value less than .05
was considered significant.

A total of 48 children with their first febrile UTI
were assessed. The mean age was 2.0 = 0.8 years.
Eight patients (16.7%) were boys. Twenty-one
patients (43.8%) had VUR. Low-grade VUR was
diagnosed in 12 patients and high-grade VUR was
detected in 9 patients. Bilateral VUR was seen in
8 patients (16.7%). The mean procalcitonin level
was 0.14 + 0.10 ng/mL in patients without VUR,
whereas it was 0.23 + 0.03 ng/mL in patients with
VUR. This difference was not significant (P = .26).
The mean value of procalcitonin concentration was
0.13 £ 0.10 ng/mL in patients with low-grade VUR,
and it was not different from that in patients without
VUR. The mean of serum procalcitonin level was
0.40 = 0.40 ng/mL in those with high-grade VUR
and it was significantly higher in comparison with
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patients with low-grade VUR or patients without
VUR (P = .04; Figure 1).

The receiver operating characteristic curve
analysis demonstrated that the serum procalcitonin
could be considered as potentially useful marker to
predict high-grade VUR (area under the curve, 0.65;
Figure 2). The cutpoint of 0.31 ng/mL for serum
procalcitonin level could potentially separate the
patients with high-grade VUR from those with
low-grade VUR or patients without VUR. The
diagnostic values of this cutpoint for the serum
procalcitonin were calculated at sensitivity and
specificity of 90% and 32%, respectively.

0.8

0.7

0.6

0.5

0.4

0.3

Procalcitonin, ng/mL

02 T T
o —
No VUR Low-grade VUR High-grade VUR

Figure 1. The mean serum procalcitonin concentration in
patients without vesicoureteral reflux (VUR) and those with low-
grade or high-grade VUR.
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Figure 2. Receiver operating characteristic curve for serum
procalcitonin level in detection of high-grade vesicoureteral
reflux (area under the curve, 0.65).
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Procalcitonin is a peptide precursor of calcitonin
without hormonal activity. It is produced by
parafollicular cells of the thyroid gland. Infective
stimuli, especially bacterial infections, raise the
blood procalcitonin levels, thus it is a reliable marker
for bacterial infection in children. Procalcitonin
is undetectable in normal conditions or viral
infections. Its concentration also determines the
severity of bacterial infection. Procalcitonin has
been shown to differentiate between upper and
lower UTL.” The association between VUR and
serum procalcitonin concentration has also been
shown by previous studies.*® These studies have
tried to show predictive ability of high serum
procalcitonin concentration for diagnosis of high-
grade VUR.

Leroy and colleagues reported in a retrospective
cohort study a strong relationship between VUR and
high procalcitonin level (odds ratio, 2.4; P = .001).
Procalcitonin, with a threshold of 0.5 ng/mL and
greater, had a sensitivity of 92% and specificity
of 44% for diagnosis of high-grade VUR.® Bressan
and colleagues found a significantly higher level
of procalcitonin in patients with VUR, but they
did not show any correlation between serum
procalcitonin level and the grade of VUR.?

Leroy and coworkers assessed 12 articles in a
recent meta-analysis with 526 children with UTL.®
They showed a strong independent association
between serum procalcitonin level and high-grade
VUR. The best cutpoint of serum procalcitonin
concentration for prediction of high-grade VUR
with high sensitivity was 0.5 ng/mL in this
study.®®? They suggested performing VCUG or
RNC in children with the first febrile UTI and high
procalcitonin concentration. The combination of
high procalcitonin level and abnormal early renal
parenchyma increased the possibility of high-grade
VUR in this meta-analysis. Procalcitonin levels of
0.5 ng/mL and higher and abnormal early DMSA
scan had a sensitivity of 93% and a specificity of 27%
for the diagnosis of high-grade VUR. Urinary tract
dilation was also associated with high-grade VUR,
but with less sensitivity than high procalcitonin
level. Sandrine and colleagues have also shown
that most patients with low-grade VUR had low
procalcitonin concentration and did not need
VCUG or RNC in the first episode of febrile UTIL.

We showed that serum procalcitonin level was

significantly higher in patients with high-grade
VUR than that in patients with low-grade VUR
or patients without VUR. We determined a serum
procalcitonin level of 0.31 ng/mL as a threshold
for diagnosing high-grade VU (sensitivity of 90%
and specificity of 32%). This threshold was lower
than that determined by previous studies (0.5
ng/mL). Although the association between high-
grade VUR and the level of serum procalcitonin
was significant in our study, this association was
not as strong as values reported by other studies.
However, small number of our patients especially
those with high-grade VUR limited us to establish
a cutoff value for the test.

High serum procalcitonin may predict high-grade
VUR, and consequently may recognize high-risk
children with UTI who need VUR assessment and
antibiotic prophylaxis in the future. We need more
studies with greater numbers of cases, especially
those with high-grade VUR, for more precise
determination of the predictive ability of serum
procalcitonin concentrations for high-grade VUR
and the best values of serum procalcitonin level
as cutpoint. Future studies can also combine
procalcitonin concentration and DMSA scan scoring
to increase sensitivity and specificity and avoid
cystography with no diagnostic and therapeutic
benefits.
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