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Results: Of 849 children hospitalised for fUTI (44.2% females, median age
0.5years; IQR=1.8), 124 (14.6%) developed AKI. AKI prevalence rose to 30%
in the presence of underlying congenital anomalies of the kidney and urinary
tract (CAKUT). The strongest AKI predictors were presence of CAKUT (OR=7.5;
95%Cl: 3.8-15.2; p=9.4e-09) and neutrophils levels (OR=1.13; 95%Cl: 1.08-1.2;
p=6.8e-07).

At multiple logistic regression analysis, AKI during fUTI episode was a significant in-
dicator of VUR (OR=3.4; 95%Cl: 1.7-6.9; p=0.001) despite correction for the diag-
nostic covariates usually used to assess the risk of VUR after the first fUTI episode.
Moreover, AKI showed the best positive likelihood ratio, positive predictive value,
negative predictive value and specificity for VUR.

Conclusion: AKI occurs in 14.6% of children hospitalised for fUTI and is a significant

indicator of VUR.

KEYWORDS

1 | INTRODUCTION

Febrile urinary tract infection (fUTI) is a common bacterial infec-
tion generally associated with systemic signs of inflammation.>? In
United States, nearly 50000 children per year (1.8% of all paediatric
hospitalisations) are hospitalised because of a uTI®

In about one-third of children with fUTIs, congenital anomalies
of the kidney and urinary tract (CAKUT) represent a predisposing
factor.™ CAKUT, including vesico-ureteral reflux (VUR), may be
associated with a reduction in nephron numbers, affecting both
growth and long-term kidney function.>”

Acute kidney injury (AKI) is common but often undiagnosed, in
several paediatric diseases.®*? Studies have shown that 12-52% of
adult patients hospitalised with fUTI develop AKI.***> However, no
studies are available in children, with only sporadic cases reporting
AKI during paediatric fUTI.*6:Y

We hypothesized that AKI during an fUTI episode may often
go unrecognised in children and may be associated with underlying
CAKUT.

Based on this hypothesis, our aim was to evaluate the
prevalence of and the risk factors for AKl in a multicentre co-
hort of children hospitalised for fUTI (primary outcome).
Additionally, to provide further evidence to optimise the void-
ing cystourethrogram (VCUG) execution in children, we aimed to
test the ability of AKI during fUTI as an indicator of the presence
of VUR (secondary outcome). This is because VUR is the CAKUT
most commonly associated with the development of fUTI,*® and
because the gold standard for its diagnosis is the VCUG, which
exposes children to a non-negligible radiation dose and painful

procedures‘19

acute kidney injury, congenital anomalies of the kidney and urinary tract, urinary tract
infection, vesico-ureteral reflux

Key notes

e Acute kidney injury (AKI) occurs in 14.6% of children hos-
pitalised for febrile urinary tract infection (fUTI) and its
prevalence during fUTI doubles in patients with congeni-
tal anomalies of the kidney and urinary tract (CAKUT).

e The strongest AKI predictors were the presence of
CAKUT and neutrophils levels.

o AKI during fUTI represents a significant indicator of an

underlying vesico-ureteral reflux.

2 | METHODS

This is an Italian multicenter retrospective study. Data from all chil-
dren discharged with the primary diagnosis of fUTI from 1 January
2017 to 31 December 2021 were collected.

Inclusion criteria were (i) age between birth and 18years; (ii) dis-
charge diagnosis of fUTI; (iii) availability of the following data: serum
creatinine levels (measured at admission by isotope dilution mass
spectrometry-traceable method), kidney ultrasound and, if per-
formed, VCUG findings, serum electrolytes, blood count and mark-
ers of inflammation.

The patients were managed according to the older Italian fUTI
recommendations before August 2019%° and according to the new
fUTI recommendations after August 2019.2*

Patients with known metabolic disease or syndromes (n=8), kid-
ney transplantation (n=10), absence of leukocytes (n=32) at urine

dipstick and missing data (n=77) were excluded.
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All eligible patients underwent serum creatinine measurement
upon admission. The 77 patients with missing data were excluded
because information regarding kidney and urinary tract ultrasound
was unavailable or because the kidney ultrasounds lacked measure-
ments of kidney longitudinal diameter and urinary tract dilation.

21 | fUTIdiagnosis

fUTI was defined by the presence of urinary leukocytes with or with-
out nitrites, positive urine culture (single microorganism) and fever

>38°C without other symptoms.2%2!

2.2 | Datacollection

Paper and electronic medical records were reviewed. Medical
history, current illness and hospital admissions were captured.
Moreover, we also recorded information about kidney ultrasounds
and radiological and laboratory characteristics of CAKUT, when pre-
sent. All available serum creatinine values (before, during and after

hospitalisation) were recorded.

2.3 | Primary outcome definition

The primary outcome of this study was to evaluate the prevalence of
and the risk factors for AKI in children hospitalised for fUTI. AKI was
defined by the serum creatinine criterion indicated by the Kidney
Disease/Improving Global Outcomes (KDIGO).?? In 204 patients,
a measured basal serum creatinine was available. For patients with
unknown measured serum basal creatinine (n=645), we estimated
the basal serum creatinine value using previously validated back-
calculation methods.?® Because the height of patients was often miss-
ing and considering that height-dependent and height-independent
basal serum creatinine estimation methods present similar perfor-

mance,?® we used the Hoste (age) equation to back-calculate basal

24 assuming that basal estimated glomerular filtra-

serum creatinine,
tion rate (eGFR) was the median age-based eGFR normative values
(Appendix 51).2°> We validated, in our population, the diagnostic per-
formance towards AKI of estimated basal serum creatinine compared
with measured basal creatinine in the Appendix S1.

Creatinine values <1.5, 1.5 to <2, 2 to <3 and =3 times the
basal creatinine defined, respectively, no AKI, stage 1, stage 2 and
stage 3 AKI.22

The KDIGO urine output criterium was not considered because

this data was recorded only in a small amount of the clinical charts.

2.4 | Secondary outcome definition

The secondary outcome of this study was to test the ability of the
occurrence of AKI during fUTI as an indicator of the presence of
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VUR. To reach this aim, we restricted the analyses only to patients
presenting with their first fUTI episode and undergoing to VCUG
after this fUTI episode. We compared the predictivity towards
VUR of AKI during the fUTI with factors universally accepted as
VUR indicators (unilateral or bilateral renal hypoplasia, abnormal
renal echogenicity, pelvi-caliceal dilation 22° hydronephrosis ac-
cording to Society of Fetal Urology (SFU) classification,?® ureteral
dilatation, uroepithelial thickening of the renal pelvis, bladder
abnormalities and pathogens other than E. coli) and then used in
daily clinical practice to select the patients to submit to VCUG
after the first fUTI episode.?’ Moreover, we also evaluated the
diagnostic performance towards VUR of each of these indicators
of presence of VUR.

2.5 | Statistical analysis

To analyse continuous variables, we used the independent-sample
t test in case of normal distribution and the Mann-Whitney test
in case of non-normal distribution. The chi-square or Fisher exact
tests were used to compare the qualitative variables, as appropri-
ate. The length of stay was studied by survival analysis according
to the Kaplan-Meier method. The day of admission was considered
the starting point, while the end point was the date of discharge.
Kaplan-Meier curves were compared by log-rank test. Logistic re-
gression was used to evaluate risk factors for AKI (primary outcome)
and a backward and stepwise selection approach based on AIC was
used to choose the final model. Moreover, to test the ability of the
occurrence of AKl as an indicator of the presence of VUR (secondary
outcome), we calculated its sensitivity, specificity, positive and nega-
tive predictive value (PPV and NPV) and positive and negative likeli-
hood ratio (PLR and NLR), and we used a multiple logistic regression
analysis to correct for the diagnostic covariates usually used to as-
sess the risk of VUR after the first fUTI episode.21

3 | RESULTS

3.1 | General characteristics of the enrolled
patients

Eight hundred and forty-nine paediatric patients (44.2% females)
with a median age of 0.5years (interquartile range, IQR=1.8; range
0-18years) were enrolled.

Among the 849 enrolled patients, 213 (25.1%) were toilet trained,
and urine samples were collected by midstream clean catch. Among
the remaining patients, in 178 (20.9%), urine samples were collected
by urethral catheterisation, in 55 (6.5%) by clean catch and in 403
(47.5%) by sterile bag. Among the latter 403 patients, 308 (76.4%)
presented with nitrites and leukocytes, while 95 (23.6%) presented
with only leukocytes. The prevalence of urine collection by sterile
bag was higher among patients without (368/725, 50.8%) compared
to patients with AKI (35/124, 28.2%; p<0.001).
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None of the enrolled patients required admission to the inten- in Table 1. One-hundred and twenty patients had a previously

sive care unit. The clinical features of our population are shown known CAKUT, while CAKUT was identified in 165 patients during

TABLE 1 Clinical and laboratory characteristics of children hospitalised for fUTI with and without AKI.

All patients No.=849  AKI (no) No.=725 AKl (yes)No.=124 p

Age years, median (IQR) 5(1.8) 0.4(1.1) 2.9 (5.5) <0.001
Female gender, No. (%) 375 (44.2) 309 (42.6) 66 (53.2) 0.03
Birth weight kg, median (IQR) 2(0.6) 3.2(0.6) 3.0(0.5) <0.001
Birth weight<2.5kg, No. (%) 2(8.7) 48(7.7) 14 (15.6) 0.01
Preterm birth, No. (%) 130 (15.3) 111 (15.3) 19 (15.3) 0.99
Duration of symptoms before admission days, median (IQR) 0(2.0) 1.0(2.0) 1.0(1.0) 0.67
Sepsis, No. (%) 9 (3.5) 21(3.0) 8(5.6) 0.12
CKD, No. (%) 5(4.2) 17 (2.34) 18 (14.5) <0.001
Presence of CAKUT, No. (%) 285 (33.6) 196 (27.0) 89 (71.8) <0.001
Recurrent UTI, No. (%) 185 (21.8) 128 (17.6) 57 (46.0) <0.001
Bilateral CAKUT?, No. (%) 0(31.6) 43(21.9) 47 (52.8) <0.001
Grade IlI-V VUR, No. (%) 126 (14.8) 84 (11.6) 42 (33.9) <0.001
Grade I-1l VUR, No. (%) 77 (91 54 (7.4) 23(18.5) <0.001
Primary megaureter, No. (%) 2(3.8) 23(3.2) 9(7.3) 0.03
Posterior urethral valves, No. (%) 0(1.2) 6(0.8) 4(3.2) 0.04
Uni- or bilateral renal hypoplasia, No. (%) 9(9.3) 45 (6.2) 34 (27.4) <0.001
Bladder abnormalities®, No. (%) 5(1.8) 5(0.7) 10(8.1) <0.001
UPJO, No. (%) 18(2.1) 7 (1.0) 11(8.9) <0.001
More than one CAKUT, No. (%) 2(8.5) 39 (5.4) 33(26.6) <0.001
Vomiting, No. (%) 167 (19.7) 140 (19.3) 27 (21.8) 0.52
Na mEq/L, mean (SDS) 136.3(3.1) 136.4 (3.0) 136.0(3.6) 0.35
K mEq/L, mean (SDS) .7 (0.7 .7 (0.7 4.4 (0.6) <0.001
Use of nephrotoxic drugs, No. (%) 139 (16.4) 120 (16.5) 19 (15.3) 0.7

Cl mEg/L, median (IQR) 101.0(5.0) 101.0(5.0) 100.0 (5.0) 0.06
Maximal body temperature °C, mean (SDS) 38.8(0.9) 38.9 (0.9) 39.1(0.9) 0.006
Refill >25s, No. (%) 31 (3.6 2 (3.0 9(7.3) 0.02
HR > 2SDS for age, No. (%) 168 (19.8) 139 (19.2) 29 (23.4) 0.27
Need of intravenous rehydration, No. (%) 420 (49.5) 343 (47.3) 77 (62.1) 0.002
Need of bolus, No. (%) 7(3.2) 3(3.2) 4(3.2) 0.97
WBC, n/mcL, median (IQR) 15400 (8240) 15360 (7860) 15485 (11395) 0.30
Neutrophils, n/mcL, median (IQR) 8490 (6880) 8195 (6427.5) 11080 (9660) <0.001
Lymphocytes, n/mcL, median (IQR) 6448 (4300) 6830 (4200) 3790 (3025) <0.001
Neutrophil-lymphocyte ratio, median (IQR) 3(1.35) 2(1.17) 3.2(2.68) <0.001
Platelets, n/mcL, median (IQR) 381000 (200500) 395500 (195000) 304000 (131250) <0.001
C-RP, mg/dL, mean (SDS) 4(9.7) 0(8.79) 10.0 (16.0) <0.001
Length of stay, days, median (IQR) 0 (4.0) 0 (4.0) 6.0 (6.0) <0.001
PCT ng/mL, mean (SDS) 2(5.8) 0(3.9) 6.8 (32.7) <0.001
Pathogens other than E. coli, No. (%) 160 (18.8) 121 (16.7) 39 (31.4) <0.001

Note: For normally distributed variables, means + SD scores are shown, while for non-parametric ones median and interquartile range are shown.
Abbreviations: AKI, acute kidney injury; CAKUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease; C-RP, c-reactive
protein; fUTI, febrile urinary tract infection; HR, hearth rate; IQR, interquartile range; K, potassium; Na, sodium; PCT, procalcitonin; SDS, standard
deviation score; WBC, white blood cells count.

*This data refer to the 285 patients with uropathies.

PAmong these 15 patients, 6 (0.7% on the total of 849 patients) had neurogenic bladder. Two out of 725 patients without AKI (0.3%) presented with
neurogenic bladder compared with 4 out of 124 patients with AKI (3.2%; p=0.005).
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follow-up. A total of 285/849 patients (33.6%) had an underlying
CAKUT. More specifically, 203 patients (126 with dilating VUR;
95 with bilateral VUR) had VUR, 18 had uretero-pelvic junction
obstruction (UPJO), 32 primary megaureter, 10 posterior urethral
valves, 15 bladder abnormalities (six with neurogenic bladder) and
79 unilateral or bilateral renal hypoplasia. Seventy-two patients
had more than one CAKUT: 57 patients had kidney hypoplasia as-
sociated with other CAKUT; 10 patients had bladder abnormalities
associated with other CAKUT; two patients had VUR associated
to UJPO and three had UJPO on one side and primary megaureter
on the other side.

3.2 | Primary outcome

AKI| was diagnosed in 124/849 children (14.6%). No patient re-
quired haemodialysis, 10 (8.1%) developed AKI stage 3, 25 (20.2%)
stage 2 and 89 (71.7%) stage 1. Among the 124 patients with AKI,
93 (75%) reached the maximum AKI stage at admission, 12 (9.7%)
at 24h, 9 (7.2%) at 48 h, and 10 (8.1%) after 72 h. AKI was found in
89 of the 285 patients (31.2%) with and in 35 of the 564 (6.2%) pa-
tients without underlying CAKUT (p <0.001). We had information
about serum creatinine levels during follow-up (within 12 months
from discharge) in 85/124 patients having developed AKI. In all
these patients, serum creatinine levels returned within the normal
range for age or returned to their known basal serum creatinine
levels.

The prevalence of AKI increased with the increase of the age.
This increase, however, was not linear, and a significant increase of
AKI prevalence was evident after the 8 months of life as confirmed
by receiver-operating characteristic curve analysis. AKI developed
in 101/379 (26.6%) patients older and in 23/470 (4.9%) patients
younger than 8 months of life (p <0.001).

Patients with AKI were older, presented with lower birth weight,
lymphocytes, platelets, and serum K levels, presented with higher
maximal body temperature, neutrophils, neutrophil-lymphocyte
ratio, C-RP, and PCT levels, and showed higher prevalence of birth
weight<2.5kg, CKD, CAKUT, bilateral CAKUT, refill >2s, need of
intravenous rehydration and pathogens other than E. coli than pa-
tients without AKI (Table 1). Each form of CAKUT was significantly
associated with AKI (Table 1).

The length of stay was longer for patients with AKI (Table 1). This

finding was confirmed by the Kaplan-Meier analysis that showed a
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longer time to discharge for the patients with compared to those
without AKI (Figure 1A). Moreover, patients with severe AKI showed
a longer time to discharge compared with patients with mild AKI and
absence of AKI (Figure 1B).

The logistic regression model of predictors of AKI in patients
hospitalised with fUTI is shown in the Table 2. The strongest AKI
predictors were the presence of CAKUT (odds ratio, OR=7.5;
95%Cl:3.8-15.2; p=9.4e-09) and neutrophils levels (OR=1.13 for
every increase in neutrophils levels of 10%/mcL; 95%Cl:1.08-1.2;
p=6.8e-07; Table 2).

3.3 | Secondary outcome

For the secondary outcome, we only analysed the 332 patients at
their first fUTI episode and undergoing VCUG based on the Italian
recommendations.?%?1

At multiple logistic regression analysis, AKI was a significant indi-
cator of VUR despite correction for the diagnostic covariates usually
used to assess the risk of VUR after the first fUTI episode (Table 3).

Evaluating the diagnostic performance towards VUR of each
of these indicators of presence of VUR including AKI during fUTI
episode, AKI showed the best diagnostic performance with a PLR
of 3.0 (95%Cl: 1.7-5.2), PPV of 0.61 (95%Cl: 0.45-0.75), NPV of
0.70 (95%Cl:0.60-0.76) and specificity of 0.92 (95%Cl:0.87-0.95;
Table 4).

4 | DISCUSSION

In this study, we found that a non-negligible percentage (about
15%) of children with fUTI can develop AKI, which represents a
concerning complication. Based on the number of paediatric hos-
pitalisations for fUTI per year,3 about 7500 children can yearly de-
velop AKl during a fUTI episode in the USA alone. This is a relevant
issue, as even a mild AKI doubles the risk of future chronic kidney
disease (CKD), as demonstrated in a meta-analysis including stud-
ies on adults.?” Furthermore, Mammen et al. demonstrated that
following an AKI episode, 10.3% of children develop CKD within
only 1-3 years.28

We found that the occurrence of AKI during fUTI results in an
increased duration of hospitalisation (Figure 1), which could impact

both direct and indirect socio-economic costs.

FIGURE 1 Length of stay evaluated by Kaplan-Meier analysis. (A) Patients with versus patients without AKI. The cumulative proportion
of discharge of patients without AKI was 10.1% at 2days, 62.2% at 5days, 91.0% at 10days, 98.1% at 15days, 99.7% at 20days and 100%
at 25days. For the patients with AKI, the cumulative proportion of discharge was 2.4% at 2days, 39.5% at 5days, 80.6% at 10days, 95.2%
at 15days, 99.2% at 20days and 100% at 30days. Log-rank test comparing the Kaplan-Meier curves showed a global p <0.001. (B) Patients
without AKI versus patients with mild AKI versus patients with severe AKI. The cumulative proportion of discharge of patients without AKI
was 10.2% at 2days, 62.2% at 5days, 91.0% at 10days, 98.1% at 15days, 99.7% at 20days and 100% at 25 days. For the patients with mild
AKI, the cumulative proportion of discharge was 3.4% at 2days, 47.2% at 5days, 89.9% at 10days, 98.9% at 15days and 100% at 17 days.
The cumulative proportion of discharge of patients with severe AKI was 0% at 2days, 20% at 5days, 57.1% at 10days, 85.7% at 15days,
94.3% at 20days and 100% at 30days. Log-rank test comparing the three Kaplan-Meier curves showed a global p <0.001 (no vs. mild AKI,

p=0.06; mild vs. severe AKI, p<0.001; no vs. severe AKI, p<0.001).
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TABLE 2 Logistic regression model of predictors of AKl in
patients hospitalised with fUTI.

Predictors OR 95% CI p

Age >8months 5.9 2.7-14.5 3.1e-05
Presence of CAKUT 7.5 3.8-15.2 9.4e-09
Bilateral CAKUT 3.3 1.5-7.2 2.2e-03
Refill >2s 11.7 3.0-45.1 3.3e-04
Neutrophils?, (x10/mcL) 1.13 1.08-1.2 6.8e-07
Lymphocytes®, (x10%/mcL) 0.8 0.7-0.9 2.7e-05

Note: R? Tjur=0.41.
Abbreviations: AKI, acute kidney injury; CAKUT, congenital anomalies

of the kidney and urinary tract; fUTI, febrile urinary tract infection;
WBC, white blood cells.

*The OR shown is for every increase of 10%/mcL of neutrophils levels.
®The OR shown is for every increase of 10%/mcL of lymphocyte levels.

The prevalence of AKI during fUTI is lower (15%) compared with
prevalence of AKI in other common paediatric conditions such as
acute gastroenteritis (25%),° community acquired pneumonia (20%)®
and diabetic ketoacidosis (65%).1%° However, the prevalence of
AKI during fUTI doubles (from about 15 to 30%) in patients with
CAKUT. This observation could be of interest from a pathophysio-
logical point of view. CAKUT are associated with a variable degree
of congenital and/or sometimes acquired reduced nephronic mass,’
and during stressful conditions for the kidneys—such as fUTI or poor
fluid intake due to fUTI, fever and general malaise—this nephron
deficit could be unmasked.

Interestingly, we found that each form of CAKUT was more
prevalent among patients with AKI compared with those without
AKI (Table 1). This was still observed even when analysing grade I-II
VUR. The severity of AKI seemingly contrasts with the often-benign
nature of low-grade VUR. However, it is important to note that not
all AKI episodes present the same level of severity. AKI can also
manifest as very mild, often overlooked instances.®"*%2 Similarly, in
the present paper, with the exception of severe AKI episodes, most
of the mild AKI episodes were only retrospectively diagnosed when
we analysed the data for this paper.

The association of grade I-1l VUR with AKI may be attributed to
the fact that even mild degrees of VUR could be associated with kid-
ney dysplasia and reduced nephron mass, predisposing individuals to
AKI during stressful conditions.

Analysing the risk factors for AKI by logistic regression analy-
sis, factors indirectly indicating reduced congenital nephronic mass
(CAKUT) or factors associated to dehydration (prolonged refill time),
or factors associated with high systemic inflammation (high neutro-
phils levels) were associated with AKI development. In line with high
neutrophils levels predicting AKI during fUTI, increased lymphocyte
levels are protective against AKI, indirectly confirming the evidence in
the literature about the ability of the higher ratio between neutrophils
and lymphocytes to predict AKI.%C Also, age >8months was a signif-
icant predictor of AKI, probably because the effect of time (patients
can progressively reduce their renal functional reserve with increas-

ing age) could play a role in the AKI pathophysiology in this setting.

ACTA PEDIATRICA RYVI SV iy

TABLE 3 Multiple logistic regression analysis of AKI during
fUTI as an indicator of VUR corrected for the diagnostic covariates
usually used to assess the risk of VUR after the first fUTI episode.

OR 95% ClI p
Unilateral or bilateral kidney 1.1 0.5-2.2 0.84
hypoplasia
Abnormal renal echogenicity 1.1 0.6-2.0 0.78
Pelvi-caliceal dilation (22°SFU 1.3 0.7-2.5 0.36
hydronephrosis)
Ureteral dilatation 1.04 0.5-2.1 0.91
Uroepithelial thickening of the 1.8 0.98-3.23 0.06
renal pelvis
Bladder abnormalities 0.6 0.02-7.0 0.67
Pathogens other than E. coli 1.76 0.97-3.2 0.06
AKI during fUTI episode 3.4 1.7-6.9 0.001

Note: For these analyses, we used ultrasound data obtained after
the first fUTI episode and before submitting the patients to further
radiological exams.

Abbreviations: AKI, acute kidney injury; CAKUT, congenital anomalies
of the kidney and urinary tract; Cl, confidence interval; fUTI, febrile
urinary tract infection; OR, odds ratio; VUR, vesico-ureteral reflux.

In this study, we confirmed that about one-third of fUTI could be
determined by an underlying CAKUT.>* The current recommenda-
tions suggest submitting all patients presenting with their first fUTI
to kidney ultrasound and selecting the children to submit to VCUG
(gold standard for VUR diagnosis) based on ultrasound findings and
the bacterium causing the fUTI.2%2! Because VCUG exposes chil-
dren to non-negligible radiation doses,? it is crucial to accurately
select patients to undergo these procedures. Interestingly, we found
that AKI during fUTI is a strong indicator of VUR despite correction
for the diagnostic covariates usually used to assess the risk of VUR
after the first fUTI episode (Table 3).20'21 Moreover, AKl also demon-
strated the best diagnostic accuracy in predicting VUR (Table 4).
Therefore, in our opinion, the development of AKI during fUTI in
the hospitalised patients should be another factor to consider when
making decisions about post-fUTI follow-up.

The first limitation of our study is the retrospecitve design. The
national-wide multicentre enrollment in centres belonging to the
same scientific society and following the same national reccomen-
dations,?%2! however, could partially counteract this limitation. The
second limitation is the lack of a measured basal serum creatinine
in all the enrolled patients, and especially in patients presenting
with the first fUTI. This data, however, are difficult to obtain also in
future longitudinal studies, especially in patients presenting with
their first fUTI because children do not usually undergo routine
biochemical exams. Moreover, some patients with unknown mea-
sured basal serum creatinine could have presented with a previ-
oulsy unknown CKD instead of AKI during fUTI episode. However,
in 85/124 patients who developed AKI, a follow-up serum creat-
inine measurement was available, and the serum creatinine lev-
els returned within the normal range for age or returned to their
known basal serum creatinine levels in all cases. Nonetheless, in
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TABLE 4 Diagnostic accuracy toward VUR of AKI during fUTI and of factors of factors universally accepted as indicators of VUR.

Negative predictive
value (95% Cl)

Positive predictive
value (95% Cl)

Negative likelihood
ratio (95% Cl)

Positive likelihood
ratio (95% ClI)

Specificity (95% Cl)

Sensitivity (95% Cl)

0.68(0.62-0.73)
0.68 (0.62-0.73)

0.45 (0.30-0.61)

0.92(0.84-1.02)
0.93(0.83-1.05)
0.87 (0.76-0.99)
0.91 (0.81-1.02)
0.89 (0.79-1.00)
1.00 (0.98-1.02)
0.83(0.72-0.95)

1.62(0.93-2.79)

0.89 (0.84-0.93)
0.82(0.76-0.87)
0.82(0.76-0.87)
0.84 (0.79-0.89)
0.84(0.79-0.89)
0.99 (0.97-1.00)
0.83(0.77-0.88)
0.92 (0.87-0.95)

0.18 (0.11-0.26)

Unilateral or bilateral renal hypoplasia

0.40 (0.28-0.53)

1.31(0.85-2.02)
1.59 (1.06-2.39)
1.48 (0.94-2.34)
1.60 (1.02-2.49)

0.24 (0.16-0.33)

Abnormal renal echogenicity

0.69 (0.63-0.75)
0.68 (0.62-0.74)
0.69 (0.63-0.74)
0.66 (0.61-0.71)
0.70 (0.64-0.76)
0.70 (0.65-0.76)

0.45(0.33-0.57)
0.43(0.31-0.57)

0.28 (0.20-0.38)
0.23(0.16-0.32)
0.25(0.17-0.34)

Pelvi-caliceal dilation (22°SFU hydronephrosis)

Ureteral dilatation

0.45 (0.32-0.58)
0.33(0.01-0.91)
0.49 (0.37-0.61)

Uroepithelial thickening of the renal pelvis

0.97 (0.09-10.57)
1.83(1.23-2.74)
3.0(1.7-5.2)

0.01 (0.00-0.05)

Bladder abnormalities

0.31(0.23-0.40)
0.25(0.17-0.34)

Pathogens other than E. coli
AKI during fUTI episode

MARZUILLO ET AL.

0.61 (0.45-0.75)

0.8 (0.7-0.9)

Abbreviations: AKI, acute kidney injury; Cl, confidence interval; fUTI, febrile urinary tract infection; VUR, vesico-ureteral reflux.

patients at their first fUTI episode and with an unknown measured
basal serum creatinine, an increase of serum creatinine more that
1.5 times the estimated basal value identifies subjects deserving
a follow-up for possible underlying VUR (considering the strong
association with AKI shown in this study) and for monitoring of the
kideny function.?®

Moreover, in about half of the patients, urine samples were col-
lected via a sterile bag, which is not the optimal method. However,
the majority of these patients (about 75%) exhibited both nitrites
and leukocytes on urine dipstick analysis, mitigating the limitation
imposed by the use of sterile bag collection.

The final limitation is that we do not have the means to demon-
strate an incontrovertible association between AKI and nephron
mass. However, this can be hypothesized based on the association of
AKI with CAKUT in our cohort and the known association of CAKUT
with reduced nephron mass and increased risk of CKD.

In conclusion, for the first time, we showed that AKI could mani-
fest in a significant percentage of children hospitalised for fUTI. The
strongest AKI predictors were the presence of CAKUT and neutro-
phils levels. Physicians should always look for AKI, even if mild in
degree, in children hospitalised with fUTI because it could be an
important factor in suspecting an underlying VUR and guiding the
post-fUTI diagnostic follow-up.
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