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Abstract
Background Solitary functioning kidney (SFK) is an important condition in the spectrum of congenital anomalies of the kidney
and urinary tract. The aim of this study was to describe the risk factors for renal injury in a cohort of patients with congenital SFK.
Methods In this retrospective cohort study, 162 patients with SFK were systematically followed up (median, 8.5 years). The
primary endpoint was time until the occurrence of a composite event of renal injury, which includes proteinuria, hypertension,
and chronic kidney disease (CKD). A predictive model was developed using Cox proportional hazards model and evaluated by c
statistics.
Results Among 162 children with SFK included in the analysis, 132 (81.5%) presented multicystic dysplastic kidney, 20 (12.3%)
renal hypodysplasia, and 10 (6.2%) unilateral renal agenesis. Of 162 patients included in the analysis, 10 (6.2%) presented
persistent proteinuria, 11 (6.8%) had hypertension, 9 (5.6%) developed CKD stage ≥ 3, and 18 (11%) developed the composite
outcome. After adjustment by the Cox model, three variables remained as independent predictors of the composite event:
creatinine (HR, 3.93; P < 0.001), recurrent urinary tract infection (UTI) (HR, 5.05; P = 0.002), and contralateral renal length at
admission (HR, 0.974; P = 0.002). The probability of the composite event at 10 years of age was estimated as 3%, 11%, and 56%
for patients assigned to the low-risk, medium-risk, and high-risk groups, respectively (P < 0.001).
Conclusion Our findings have shown an overall low risk of renal injury for most of infants with congenital SFK. Nevertheless,
our prediction model enabled the identification of a subgroup of patients with an increased risk of renal injury over time.
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Introduction

Congenital anomalies of the kidney and urinary tract (CAKUT)
are themost common cause of birth defects [1, 2]. In recent years,
it has become clear that a solitary functioning kidney (SFK) is an
important condition in the spectrum of CAKUT [3].

Longitudinal clinical studies have consistently shown that long-
term clinical outcome of these patients is not as good as it thought
before. For instance, Sanna-Cherchi et al. [4] reported data on
312 CAKUT patients followed until age 30 years and showed
that the risk for dialysis was significantly higher for patients with
SFK. Using a systematic review,Westland et al. [5] evaluated the
occurrence of hyperfiltration injury in 43 published cohorts of
unilateral renal agenesis. Analysis of data on 2684 patients iden-
tified hypertension in 16% of the patients, albuminuria in 21%,
and reduced glomerular filtration rate (GFR) in 10%.

Regular clinical monitoring of these patients is necessary
and requires a multidisciplinary approach [3]. However, since
many children with uncomplicated SFK are not regularly
followed up, its natural history was not fully established.
Consequently, there is also lack of agreement on how best to
monitor and how long these children should be followed [6].
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Opinion-based recommendations for monitoring have been is-
sued, although consensus is lacking [7–9]. Information about
the clinical course of SFK and the identification of predictive
factors for kidney injury in these patients may contribute to
early recognition of patients at risk and to formulation of mon-
itoring strategies. In the present study, we focused our analysis
on children with congenital SFK longitudinally followed up in
a long-term basis with the aim to evaluate the clinical outcomes
and to identify possible risk factors for renal injury.

Patients and methods

Patients

The study group comprised 190 patients with congenital SFK
who were prospectively followed at the Pediatric
Nephrourology Unit (Belo Horizonte, Brazil) between 1987
and 2015. For this study, the following phenotypes were includ-
ed: renal agenesis, primary renal hypodysplasia, andmulticystic
dysplastic kidney (MCDK). For analysis, we stratified the sam-
ple into two groups: MCDK and renal agenesis/hypodysplasia.
We excluded patients with bilateral severe renal hypodysplasia
(n = 8), multiple malformations (n = 1), and those who aban-
doned postnatal follow-up (n = 19), resulting in a final sample
of 162 infants. Among these 162 patients, 155 (96%) had pre-
natal diagnosis and in 7 (4%) infants, the diagnosis was inci-
dental by findings of abdominal sonography imaging obtained
for varied clinical conditions (mainly palpable masses).

The diagnosis criterion for MCDK was ultrasound evi-
dence of a kidney with parenchyma completely substituted
by large non-communicating cysts of varying size. The diag-
nosis criterion for primary renal hypodysplasia was sonogra-
phy evidence of a small echogenic kidney with size less than
two standard deviations below the mean for gender, age, and
body size. The sonography criterion for unilateral renal agen-
esis was an empty lumbar fossa with elongated adrenal gland
appearance [10, 11]. All diagnosis was confirmed by the post-
natal renal ultrasonography (RUS) and by the absence of kid-
ney function in renal scintigraphy.

Baseline data

After the initial RUS, patients underwent urinary tract imaging
workup according to a systematic protocol described else-
where [12]. The first postnatal RUS was performed at a me-
dian time of 17 days of life (IQ range, 9–25 days). All patients
underwent a 99m-technetium-dimercaptosuccinic acid iso-
tope scan (DMSA scan) and voiding cystourethrography
(VCUG). According to a clinical protocol, baseline data were
obtained following strict conditions. Baseline creatinine was
obtained during the neonatal period but not in the first 3 days
of life to avoid confounding with maternal creatinine.

Similarly, the first renal sonography was also obtained during
the first month of life but not in the first week of due to the
issue of physiologic neonatal dehydration (with possible false-
negative results in cases of antenatal hydronephrosis). For the
7 patients with postnatal incidental diagnosis, we recovered
the first exams available (all within the first 6 months of life).

Follow-up protocol

After initial evaluation, clinical, laboratory, and imaging assess-
ments were carried out periodically at 6-month intervals, as
described elsewhere in detail [12, 13]. In brief, ultrasound scans,
clinical examination (including growth and blood pressure mea-
surements), and laboratory reviews were performed at 6-month
intervals during the first 2 years after birth and yearly thereafter.
Sonograms were performed by the same trained examiner using
a standard method [14, 15]. RUS measurements were per-
formed on the maximal longitudinal and transverse kidney sec-
tions. The maximal length, width, and anteroposterior dimen-
sion (depth) of both kidneys weremeasured according toDinkel
et al. [16]. The renal volume was calculated according to the
formula provided by Han and Babcock [17]. Plasma creatinine
concentration was determined at baseline and yearly thereafter.
Since creatininemeasurements weremade by Jaffemethod until
November 2011 in our institution, GFR was estimated by the
conventional Schwartz formula [18] for data obtained until this
period. After November 2011, creatinine was measured by
IDMS (isotope dilution mass spectrometry) traceable method.
Therefore, the modified Schwartz formula [19] was adopted to
estimate GFR rather than the conventional Schwartz formula.
Blood pressure was measured according to the recommenda-
tions of the Working Group of the National High Blood
Pressure Education Program [20]. Proteinuria was assessed by
the measurement of protein to creatinine ratio in spot urine for
infants and by the measurement of protein excretion in 24-h
urine samples for older patients. All children with hypertension
and/or proteinuria have received ACE inhibitor enalapril in
doses tailored according to age and body surface area.

Outcomes

The events of interest were defined as a composite of renal
injury events, including eGFR < 60 ml/min per 1.73 m2, hy-
pertension, and proteinuria. The primary endpoint for this
study was time until the first occurrence of any of the com-
posite events.

Outcomes and covariables definitions

Chronic kidney disease (CKD) was defined as GFR < 60 ml/
min per 1.73 m2 in two consecutive exams with an interval of
at least 3 months [21]. Reference values and definitions of
normal blood pressure were based on the fourth report on high
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blood pressure in children and adolescents [22]. As recom-
mend, we used conventional auscultatory method for most
children and an oscillometric automatic device for newborns
and young infants in whom auscultation is difficult. An ele-
vated blood pressure reading obtained with an oscillometric
device was repeated by using auscultation. Proteinuria was
considered when urinary protein creatinine ratio is above 0.2
or 24-h protein excretion is > 150 mg/day in at least two con-
secutive evaluations. Urinary tract infection (UTI) was de-
fined as growth of at least 100,000 cfu/ml of a singlemicrobial
agent in urine obtained by bag or from a mid-stream clean-
catch urine specimen associated with fever (38.0 °C or more)
and/or urinary symptoms. Recurrent UTI was defined as the
occurrence of two or more episodes during the follow-up. The
percentile of the contralateral renal length was established
according to the nomogram proposed by Chen et al. [23],
using the tool at the following website: https://www.
prevmed.sunysb.edu/jjc/MrNomogram/.

Statistical analysis

The values are expressed as medians and interquartile ranges
(IQs) or means and standard deviations when appropriate. The
overall incidence rate of UTI was calculated as follows. The
total number of new episodes of UTI was identified and divided
by the total number of person-months at risk. Then, the rate
ratio was calculated by dividing the incidence rate of different
groups. These analyses were performed using the public do-
main site Open Source Epidemiologic Statistics for Public
Health (version 3.01) provided in the World Wide Web and
developed by Rollins School of Public Health, Emory
University. Survival analyses were performed by the Kaplan–
Meier method (KM) and Cox proportional hazards model to
evaluate time until the occurrence of the composite event. For
KM analyses, the optimal cutoff point for continuous variables
was determined by the receiver operating characteristic (ROC)
curve using the Youden index [24]. Differences between di-
chotomous variables were assessed by the two-sided log-rank
test [25]. The Cox proportional hazards model was applied to
identify variables that were independently associated with the
occurrence of the event. Variables selected for multivariable
analyses were used to build a final model after discarding any
violation of proportionality assumptions; proportional hazard
assumption was checked graphically by log–log versus time
plots for each variable [26, 27]. Possible interactions between
variables that remained in the final model were evaluated by
including interaction terms in the model. There were 9 missing
values concerning the variable proteinuria, mainly in patients
who were enrolled in the first years of cohort and were not
being followed when we included the annual measurement of
proteinuria in our clinical protocol. Missing values for protein-
uria were filled in with multiple imputation (MI) procedure.
Each missing value was imputed five times. Imputed values

were drawn from the predictive distribution in an imputation
model that included all candidate predictors and the outcome
(time to surgery). MI resulted in five complete datasets, which
were analyzed with standard complete data methods. The re-
sults were combined to produce overall estimates and standard
errors that reflect missing data uncertainty [28].

A prognostic model was then constructed from these data by
dividing each β coefficient in the final multivariable model
with significant risk factors by the lowest β coefficient. The
β coefficients were used for factor weighting; points were
assigned to each independent prognostic factor, their coeffi-
cients being rounded to the nearest integer [29]. Finally, a prog-
nostic score was calculated for each patient by summing up the
points. The prognostic score derived was then grouped into
three categories (low-, medium-, and high-risk groups). We
assessed the accuracy of the derived model by looking at the
components of accuracy (i.e., discrimination and calibration)
[29, 30]. Discrimination was evaluated on the basis of 2, 5,
and 10 years of follow-up using the c statistic, which represents
the area under the receiver operating characteristic curve (for
which larger values indicate better discrimination) [31].
Calibration was also assessed graphically by a KM plot for
patients in different risk groups (low-risk, medium-risk, and
high-risk) [32, 33]. To adjust for overfitting and overoptimistic
performance of the model, we performed an internal validation
of our model with a bootstrapping technique [31]. In each
bootstrap sample, the entire modeling process was repeated,
resulting in shrinkage of the regression coefficients when ap-
plicable [34]. All reported P values are two sided, and aP value
< 0.05 was considered to represent a statistically significant
difference for all analyses including interaction terms.

Results

Among 162 children with SFK included in the analysis, 132
(81.5%) presented MCDK, 20 (12.3%) renal hypodysplasia,
and 10 (6.2%) unilateral renal agenesis. Baseline clinical charac-
teristics stratified according to phenotype are summarized in
Table 1. There was a significant greater proportion of males
and a slight higher creatinine at baseline in the hypodysplasia/
agenesis group. Forty-three (26.5%) patients presented with con-
tralateral CAKUT, and patients in the hypodysplasia/agenesis
group had a significant greater proportion of these abnormalities.
Among 43 children with contralateral CAKUT, 14 presented
mild hydronephrosis, 12 vesicoureteral reflux, 10 ureteropelvic
junction obstruction, 4 renal scarring, and 3 primary megaureter.

Clinical course and outcomes

Median follow-up timewas 8.5 years (interquartile range [IQ],
4.1–14.7 years); 104 patients (64.8%) were followed up for
more than 5 years and 69 (42.6%) for more than 10 years.
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Renal injury events

Of 162 patients included in the analysis, 10 (6.2%) presented
persistent mild proteinuria, 11 (6.8%) had hypertension, 9
(5.6%) developed CKD stage III or higher, and 18 (11.1%)
exhibited the composite outcome. The cumulative proportions
of patients free from proteinuria, hypertension, CKD, and the
composite event at 17 years old were 89.2%, 90.8%, 91.1%,
and 84.2%, respectively. Table 2 summarizes the clinical out-
comes according to the phenotype classification. There was no
significant difference in occurrence of renal injury between
phenotype groups.

Surgical interventions

Fourteen patients (8.6%) underwent surgical procedures. The
most common surgical intervention was pyeloplasty for 7 pa-
tients, 4 patients underwent ureteral reimplant, and 2 patients
underwent nephrectomy. The median age at surgical interven-
tion was 1.6 months (IQ range, 10 days–26.7 months). As
expected, surgical intervention was significantly more fre-
quent in the hypodysplasia/agenesis group due to higher fre-
quency of contralateral CAKUT (Table 2).

Urinary tract infections

During follow-up, information was obtained on 18,413 person-
months. UTI occurred in 37 (22.8%) of the 162 and 25 patients
(15.4) had a single UTI and only 12 (7.4%) had more than one
episode. The overall incidence rate of UTI was 3.8 episodes per
1000 person-months (95% CI, 2.7–4.8). The incidence rate of
UTI for patients with contralateral CAKUT was 9.7 episodes
per 1000 person-months (95% CI, 7.0–12.7), whereas for pa-
tients without contralateral anomalies was 1.9 episodes per
1000 person-months (95% CI, 1.3–2.7) (P < 0.001).

Univariate analysis

Table 3 summarizes the results of the Cox univariate analysis
of possible risk factors for renal injury. There was no signifi-
cant difference in occurrence of renal injury with respect to
gender, phenotype, and prematurity. Low birth weight and
birth length associated only with the composite event and
CKD, respectively. The percentile of contralateral renal length
(pCRL) was associated with proteinuria and the composite
event. On the other hand, presence of contralateral CAKUT,
recurrent UTI, baseline creatinine, and baseline eGFR was
strongly associated with most of the renal injury events
(Table 3). For instance, Fig. 1a–c illustrates the probability

Table 1 Baseline characteristics of infants with SFK according to the
phenotype (n = 162)

Variables MCDK
n = 132 (%)

Hypodysplasia/
agenesis
n = 30 (%)

P value

Gender

Male 74 (56.1) 24 (80.0) 0.015
Female 58 (43.9) 6 (20.0)

Birth weight

< 2500 g 24 (18.2) 8 (26.7) 0.29
. > 2500 g 108 (81.8) 22 (73.3)

Birth length

Median (IQ range) 48.0 (47.0–49.2) 48.0 (47.0–49.2) 0.98

Prematurity

Present 20 (15.2) 3 (10.0) 0.46
Absent 112 (84.8) 27 (90.0)

Period of admission

1989–1999 40 (30.3) 4 (13.3) 0.06
2000–2015 92 (69.7) 26 (86.7)

CAKUT contralateral

Present 28 (21.2) 15 (50.0) 0.001
Absent 104 (78.8) 15 (50.0)

Contralateral renal length (mm)

Median (IQ range) 57.5 (51.5–67.6) 62.0 (49.7–78.0) 0.26

Creatinine (mg/dl)

Median (IQ range) 0.40 (0.30–0.50) 0.45 (0.35–0.60) 0.04

SFK, solitary functioning kidney; MCDK, multicystic dysplastic kidney;
IQ, interquartile range; CAKUT, congenital anomalies of the kidney and
urinary tract

Table 2 Clinical outcomes in children with SFK according to the
phenotype (n = 162)

Variables MCKD
n = 132 (%)

Hypodysplasia/
agenesis
n = 30 (%)

P value

Creatinine (mg/dl)

Median (IQ range) 0.60 (0.44–0.79) 0.50 (0.41–0.70) 0.46

Surgical intervention

No 124 (93.9) 24 (80.0) 0.014
Yes 8 (6.1) 6 (20.0)

Urinary tract infection

Present 27 (20.5) 10 (33.3) 0.13
Absent 105 (79.5) 20 (66.6)

Proteinuria

Present 9 (6.8) 3 (10.0) 0.54
Absent 123 (93.2) 27 (90.0)

Hypertension

Present 7 (5.3) 4 (13.3) 0.11
Absent 125 (94.7) 26 (86.7)

Chronic kidney disease

Present 6 (4.5) 3 (10.0) 0.22
Absent 126 (94.5) 27(90.0)

Composite event

Present 30 (22.7) 11 (36.7) 0.11
Absent 102 (77.3) 19 (63.3)

SFK, solitary functioning kidney; MCDK, multicystic dysplastic kidney
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of the composite event according to the presence of contralat-
eral CAKUT (a), recurrent UTI (b), and baseline creatinine
(cut-off 0.51 mg/dl) (c).

Clinical predictive model

After adjustment by the Cox regression model, three variables
remained as independent predictors of the composite event:
baseline creatinine, recurrent UTI, and pCRL at admission
(Table 4). A prognostic weighting was derived for each variable
by dividing each β coefficient by the lowest β. The shrinkage
factor obtained from bootstrap results was 0.9403 (Table 4).
Finally, a prognostic risk score was calculated as the sum of
these weightings for the three variables. A risk score was cal-
culated for each patient by adding up these points. The risk
score ranged from 0 to 12.5 points (median 2 points). The
accuracy of the score applied to the sample was consistently
high through time, with a mean c statistic of 0.850 (95% CI,
0.701–0.993), 0.866 (95% CI, 0.661–0.999), and 0.895 (95%
CI, 0.793–0.997) for the follow-up periods of 2, 5, and 10 years,
respectively (Fig. 2a–c). Finally, the prognostic risk score was
divided into three categories: low risk (≤ 2 points, 96 infants,
59.3%), medium risk (3–5 points, 51, 31.5%), and high risk (>
5 points, 15, 9.3%) for the composite event. The probability of
the composite event at 10 years of age was estimated as 3%,

11%, and 56% for patients assigned to the low-risk, medium-
risk, and high-risk groups, respectively (P < 0.001) (Fig. 3).

Discussion

In this retrospective cohort study, we evaluated intermediate
and long-term clinical outcomes in infants with congenital
SFK from a single tertiary center. We found that about 11%
of our cohort presented renal injury. After adjustment by mul-
tivariate model, renal injury was associated with the presence of
CAKUT in the functioning kidney, renal length at birth of the
functioning kidney, baseline kidney function, and episodes of
UTI. Of particular interest, we developed a clinical predictive
model that predicted with good accuracy, the occurrence of
renal injury.

The long-term outcome of patients with a SFK has been
currently a topic of intense debate [35–37]. A number of lon-
gitudinal observational studies have been published leading to
somewhat conflicting results [9, 38–41]. These different find-
ings could be attributed to several factors, including selection
bias with oversampling of the most severely affected patients,
inclusion of heterogeneous phenotypes (congenital and ac-
quired SFK), difference in the length of follow-up time, and
also to the diversity of endpoints used for analysis [35–37, 42].

Table 3 Hazard ratio and
respective 95% confidence
intervals for predictors of adverse
health events among patients with
SFK

Predictive factors Proteinuria Hypertension CKD Composite event

Gender

(male vs. females)

3.15

(0.66–14.9)

1.28

(0.37–4.4)

2.46

(0.51–11.8)

1.45

(0.54–3.8)

Birth low weight

(< 2500 g vs. > 2500 g)

2.85

(0.79–10.2)

2.44

(0.71–8.42)

3.31

(0.89–12.3)

2.69*

(1.03–6.98)

Prematurity

(present vs. absent)

0.96

(0.12–7.6)

1.55

(0.33–7.2)

1.95

(0.40–9.4)

2.01

(0.66–6.15)

Birth length (cm)

(continuous variable)

1.02

(0.74–1.41)

1.09

(0.73–1.63)

0.76*

(0.64–0.92)

0.99

(0.76–1.30)

CAKUT contralateral

(present vs. absent)

1.92

(0.96. – 3.81)

6.2*

(1.78–21.5)

65.2**

(3.7–115.7)

13.3**

(4.3–41.2)

Phenotype

(MCDK vs hypodysplasia)

2.71

(0.69–10.5)

3.00

(0.87–10.3)

2.52

(0.62–10.1)

2.06

(0.73–5.8)

Recurrent UTI

(present vs. absent)

7.04*

(2.2–22.4)

5.34*

(1.38–20.7)

12.7**

(3.4–47.8)

6.71**

(2.5–18.1)

pCRL

(percentile continuous)

0.970*

(0.951–0.98)

0.99

(0.97–1.01)

0.98

(0.96–1.00)

0.97*

(0.96–0.99)

Baseline creatinine

(continuous variable)

2.46**

(1.41–4.38)

2.97*

(1.6–5.61)

3.5**

(1.98–6.2)

3.4**

(2.16–5.4)

Baseline eGFR

(continuous variable)

0.927**

(0.890–0.96)

0.95*

(0.93–0.98)

0.90**

(0.86–0.94)

0.94**

(0.92–0.99)

SFK, solitary functioning kidney; CKD, chronic kidney disease; CAKUT, congenital anomalies of the kidney and
urinary tract;UTI, urinary tract infection; pCRL, percentile contralateral renal length; eGFR, estimated glomerular
filtration rate

*P < 0.05; **P < 0.001
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In spite of methodological differences, well-designed stud-
ies with larger samples have been giving a clearer view of the
actual impact of solitary kidney on long-term clinical outcomes
[4, 6, 43–45]. In this regard, the KIMONO study (KIdney of
MONofunctional Origin) was designed to study the develop-
ment of renal injury in children with different origins of SFK
[45]. The authors reported an overall incidence of renal injury,
defined as the presence of hypertension and/or albuminuria
and/or the use of renoprotective medication, of 32% at a mean
age of 9.5 (SD, 5.6) years. On the other hand, recent studies
including only congenital SFK have shown a smaller preva-
lence of renal injury. In a retrospective study, La Scola et al. [6]
evaluated 142 children with congenital SFK and demonstrated
that a decreased estimated GFR rate was present in 12% of
children at a median age of 2.2 years. They reported that sur-
vival analysis revealed an estimated event-free survival of 82%
(95% CI, 74–91%) at 10 years. Recently, Marzuillo et al. [43]
evaluated patients with prenatally diagnosed congenital SFK.

Median follow-up time was 7.2 years (range, 1–23), and renal
injury was found in 12 of 306 patients (3.9%). By Kaplan–
Meier analysis, the cumulative proportion of patients free from
renal function impairment at 17 years old was 93.7%. Our
findings are in agreement with this recent series based on con-
genital SFK. Of 162 patients followed-up for a median of
8.5 years, 9 (5.6%) developed renal function impairment and
18 (11.1%) presented the composite outcome. In our survival
analysis, the cumulative proportions of patients free from renal
impairment and renal injury (composite event) at 17 years old
were 91.1% and 84.2%, respectively.

In our study, we also sought for clinical risk factors for the
development of renal injury. For this analysis, we decided to
include a composite event of well-recognized factors associated
with long-term impairment of the renal function, namely protein-
uria, hypertension, and CKD stage III or higher [46, 47]. First,
we found that there was no significant difference between
MCDK and agenesis/hypodysplasia regarding renal injury,

Fig. 1 Kaplan–Meier survival curves reveal probability of the composite
event according to the presence of contralateral congenital anomalies of
the kidney and urinary tract (CAKUT) (a), occurrence of recurrent

urinary tract infection (UTI) (b), and baseline creatinine > 0.51 mg/dl
(c). The shaded areas represent the 95% confidence intervals. Number
of patients at risk is shown below x-axis
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despite a greater proportion of contralateral CAKUT in the latter
group. In unadjusted analysis, low birth weight, birth length,
contralateral CAKUT, recurrent UTI, and baseline renal function
were all associated with some of the components of the compos-
ite event. After multivariable adjustment, recurrent UTI, higher
baseline creatinine levels, contralateral CAKUT, and smaller
percentile of contralateral renal length RPT were each indepen-
dently associated with the composite event. Interestingly, despite
methodological differences, two recent studies reported similar
risk factors for renal injury. Westland et al. [44] have shown that

the development of renal injury increased by presence of ipsilat-
eral CAKUT and renal length was inversely associated with the
risk to develop renal injury. La Scola et al. [6] demonstrated that
the probability of 10-year survival was significantly lower in
children with additional CAKUT (54% vs 88%). Similar also
to our findings, a lower estimated primary outcome-free survival
could also be observed in children without compensatory hyper-
trophy of the functioning kidney and in childrenwith a history of
febrile UTIs.

Furthermore, our study has proposed the development of a
clinical predictive model of progression to a composite event of
renal injury. These patients were then classified into low-, me-
dium-, and high-risk groups, with estimated renal injury 10-
year free survival of about 97%, 89%, and 44%, respectively.
Moreover, the model presented a consistently good accuracy
through time. If these findings are confirmed in further studies,
this clinical predictive model may allow clinicians to distin-
guish infants with SFKwhomay deserve closer follow-up from
those with benign features. In addition, an identification of
potential modifiable factor, such as recurrent UTI, might allow
an intervention in a selected subgroup of SFK patients. In our
series, about a quarter of patients had at least 1 episode of UTI
and 12 (7.4%) had recurrent more episodes. The incidence of
renal injury was about five times greater among patients with
recurrent UTI even after adjustment for other covariates. Of
particular interest, recurrent UTI was strongly associated with
patients with contralateral CAKUT. Therefore, our findings
suggest that repeated episodes of UTI seem to be a risk factor
for renal injury. Nevertheless, it should be pointed out that the
efficacy of prophylactic intervention for these patients requires
future studies. Themodel described in the current study enables
clinicians to identify patients with high risk of renal injury
which may promote a tailored management and follow-up for
these children. For instance, patients with a baseline creatinine
higher than 0.58 mg/dl, a reduced contralateral renal length (<
50th percentile), and presence of contralateral CAKUT (higher
risk of recurrent UTI) should undergo a long-term follow-up

Table 4 Risk factors associated with the composite event after
adjustment by the Cox regression model and respective weighting
points used in the risk score

Variables Coefficient* Hazard ratio
(95% CI)

P value Points

Baseline creatinine
(mg/dl)

1.287 3.93 < 0.001

(2.31–6.68)

0.10–0.44 0

0.45–0.57 1

0.58–0.78 2

≥ 0.79 3

pCRL (percentile)** − 0.026 0.974 0.002

(0.958–0.991)

100.0–75.00 0

74.99–50.00 1

49.99–25.00 2

24.99–0.00 3.5

Recurrent UTI 1.523 5.05 0.002 6

(0/1 vs. 2 or more) (1.78–14.3)

UTI, urinary tract infection; pCRL, percentile contralateral renal length

*Shrunk coefficients using the shrinkage estimator obtained from boot-
straps results

Score: low risk (≤ 2 points), medium risk (3–5 points), and high risk (> 5
points)

Fig. 2 Receiver operating characteristic curves estimated for evaluating the capacity of discrimination of the risk score to predict the composite event. a
Up to 2-year follow-up; b up to 5-year follow-up; and c up to 10-year follow-up
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with a strict surveillance of blood pressure, proteinuria, and
renal function. Furthermore, in this subgroup of patients with
higher risk for recurrent UTI, antibiotic prophylaxis might have
a positive impact on the rate of renal injury. On the other hand,
for the group of patients without these features, assigned as
low-risk group, it may be advisable only a regular follow-up
with general pediatrician and maintain a healthy lifestyle in
order to avoid comorbidities such obesity and diabetes.

Our study has some limitations, and several clinical and
methodologic considerations should be taken into account in
evaluating our findings. First, from the clinical point of view,
systematic assessment for proteinuria was not uniformly per-
formed across the entire period of study, especially for patients
who were enrolled in the first decade. Missing data are a
frequent problem in retrospective cohort studies. We have
addressed this problem by using multiple imputations that
have the advantage of not ignoring observations with incom-
plete information and, at the same time, reflecting the uncer-
tainty of the imputation process [48]. Nevertheless, this fact
has certainly hampered a more robust analysis of the risk
factors for renal injury. Another limitation that we must con-
sider is the difficulty in ascertaining the accurate incidence of
UTI especially in younger patients. We are aware that the
incidence of UTI might have been either overestimated in
infants from whom urine was collected by bag or
underestimated in patients with less obvious symptoms or
when a urine sample was not collected in a timely manner.
From the methodological point of view, we have not validated
the risk prediction instrument in an independent cohort.
External validation is a key component in the development
of clinical predictive models because accurate predictions in
the patients that were used to develop a model are no guaran-
tee for good predictions in a new set of patients [33, 49].
Alternatively, we internally validated our model with
bootstrapping technique, which has been claimed to be the

most efficient strategy, to adjust for overfitting and overopti-
mistic performance of the model [50]. On the other hand, we
believe that the most original aspect of our study was the
systematic analysis of clinical outcomes in this selected group
of infants. The strength of the present study is its evaluation of
homogeneous population of infants with SFK enrolled in a
single tertiary center, managed with standardized workup
and systematically followed up in a long-term basis by the
same medical team since birth.

In summary, in this retrospective cohort study, we observed
an overall low risk of renal injury for the majority of the
infants with congenital SFK. Nevertheless, a subgroup of pa-
tients had an increased risk of renal injury over time.
Independent risk factors for these outcomes included a lower
baseline renal function, presence of contralateral CAKUT, a
reduced renal length of the functioning kidney at birth, and
recurrent UTIs during follow-up. If confirmed in future stud-
ies, infants with SFK and any of these risk factors may benefit
from closer surveillance for proteinuria, hypertension, and im-
paired renal function, during long-term follow-up.
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