ORIGINAL ARTICLE

Which Factors Influence Prognosis in Congenital Solitary Functioning
Kidney?

Inés Ganhao', Catarina M. Lacerda’, Tania Carvalho?, Telma Francisco?®, Raquel Santos?, Gisela Neto®, Ana Paula Serrao3,
Margarida Abranches?

Port J Pediatr 2020;51:25-32
DOI: https://doi.org/10.25754/pjp.2020.16420

Abstract

Introduction: Premature, low birthweight, and small
for gestational age newborns may have low nephron
endowment at birth. When associated with solitary
functioning kidney, especially if other congenital
anomalies of kidney and urinary tract or urinary tract
infections are present, it can negatively influence the
prognosis. This study aims to identify factors that can
influence renal outcome in children with congenital
solitary functioning kidney.

Methods: Retrospective analysis including children with
congenital solitary functioning kidney presented in a
pediatric nephrology unit of a tertiary Portuguese center
from 2012 to 2017. Renal injury defined as hypertension,
albuminuria, moderately impaired glomerular filtration
rate, and/or use of renoprotective medication.

Results: We identified 147 children with congenital
solitary functioning kidney (62.7% with multicystic
dysplasia), three quarters had prenatal diagnosis.
Prematurity, low birthweight, small for gestational
age, and other congenital anomalies of the remaining
kidney/ipsilateral urinary tract were present in 14.3%,
13.6%, 19%, and 14.3%, respectively. Approximately half
met the criteria for renal injury. A significant association
was established between urinary tract infection and
severely impaired estimated glomerular filtration rate (p
= 0.007) as well as between other congenital anomalies
of kidney and urinary tract and hypertension (p = 0.01),
moderately impaired estimated glomerular filtration
rate (p = 0.01) and albuminuria (p = 0.001). The only
independent factor for renal injury was the presence of
congenital anomalies in the remaining kidney/ipsilateral
urinary tract (odds ratio 16.7, p = 0.007). No significant
association was found between perinatal factors and
signs of renal injury.

Discussion: Congenital solitary functioning kidney is not

a harmless condition, as described in recent decades,
and early and lifelong follow-up is needed. Urinary tract
infection and coexistence of other anomalies of the
remaining kidney and/or ipsilateral urinary tract are
related to worse outcome.
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Introduction

Congenital anomalies of the kidney and urinary tract
(CAKUT) represent up to 20%-30% of all major birth
defects and are a main cause of morbidity and chronic
kidney disease (CKD) in children and young adults.> One
important condition in the spectrum of CAKUT is the
congenital solitary functioning kidney (CSFK). Routine
ultrasound screening of pregnant women has led to
an increase in its detection before birth and it has a
global prevalence of 1:1,300 live births.>* Observational
studies report male as well as left-side predominance.
However, the reasons for this are not fully understood.>*
Congenital solitary functioning kidney may result from
unilateral renal agenesis (URA) or multicystic dysplastic
kidney (MCDK). Unilateral renal agenesis is defined as
the congenital absence of renal parenchymal tissue
and results from a major disruption of metanephric
development at an early stage. It occurs in 1:2,000 to
1:3,000 live births.*® Multiple factors are thought to
be implicated in the pathogenesis of unilateral renal
agenesis including mutations in important genes for
the renal development, namely paired box (PAX) 2,
formin and glial cell line-derived neurotrophic factor
(GDNF) genes, and teratogenic and environmental
agents, such as cocaine exposure.*®® In addition, some
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maternal factors, such as black race and preexisting
diabetes mellitus, have been shown to be associated
with unilateral renal agenesis.® Multicystic dysplastic
kidney consists of numerous noncommunicating cysts
separated by dysplastic tissue. There is typically no
identifiable renal tissue. However, in some cases, some
minimal functional renal tissue may exist. The cause of
multicystic dysplastic kidney is unclear but there may be
an underlying genetic predisposition, as demonstrated
in some studies. A large cohort of children with CAKUT
reported association of multicystic dysplastic kidney
with mutations in the chromodomain-helicase-DNA-
binding protein 1-like (CHD1L), roundabout guidance
receptor 2 (ROBO2), hepatocyte nuclear factor 1B
(HNF1B) and spalt like transcription factor 1 (SALLI)
genes.'® The incidence of multicystic dysplastic kidney
ranges from 1:3,600 to 1:4,300 live births.***'? Most
cases are unilateral, with the left kidney being more
often affected. The exact mechanisms leading to this
lateralization remain to be determined but may involve
vascular development, differential gene expression,
or susceptibility to environmental factors such as
hypoxia.®® In most cases, the involution of the multicystic
dysplastic kidney can be demonstrated by serial renal
ultrasounds.'**®

Although some authors, in recent decades, considered
CSFK to be a harmless condition, in 2009 it was
demonstrated that up to 50% of patients born with one
kidney required dialysis by the age of 30 years old.>*®
In patients with CSFK, the low nephron endowment
will lead to compensation in the residual nephrons,
resulting in hypertrophy and hyperfiltration. However,
this adaptation may have adverse effects according
to the hyperfiltration theory.}”*® By reabsorbing more
sodium and raising glomerular pressure, systemic blood
pressure rises, and albuminuria may develop. This
results in sclerosis of glomeruli, which may progress to
end-stage renal disease.”

Moreover, other predisposing factors can compete for
reduced nephron number and worsen the prognosis
in the CSFK. Renal development is influenced by any
insult disturbing the fine balance in the interactions that
form the kidney. The most important factors influencing
fetal development are malnutrition and uteroplacental
insufficiency. This may result in intrauterine growth
restriction that leads to a lower number of nephrons.
Premature births and low birthweight (BW) can also
disturb nephrogenesis and conduct to a nephron
deficit as nephrogenesis ceases around 36" week of
gestation.'>?° The existence of ipsilateral CAKUT and
history of urinary tract infection (UTI) in patients with
CSFK may further influence clinical outcome.?
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The purpose of this study is to assess which factors
influence the renal outcome in pediatric patients with
CSKF presented in a nephrology unit of a tertiary center
between 2012 and 2017.

Methods

Study population, period, and design

Retrospective evaluation of medical records from all
patients aged 0-18 years with CSFK followed at a tertiary
nephrology center (Dona Estefania Hospital, Central
Lisbon University Hospital Center, Lisbon, Portugal),
from January 1, 2012 to December 31, 2017. The
minimum period of follow-up was one year.

Congenital solitary functioning kidney was defined as
the unilateral absence of a functioning kidney due
to agenesis or multicystic dysplasia, diagnosed by
ultrasound and confirmed by dimercaptosuccinic acid
(DMSA) renal scintigraphy.

Variables and definitions

Data concerning gestational and birth history, etiology
of CSFK, presence of other CAKUT (such as pelviureteric
junction obstruction or reflux),
malformation of another organs, comorbidities, and
renal function were collected.

Blood pressure was measured in the right arm with
automated oscillometer devices using an appropriately
sized cuff and the average of three measurements was
made. Hypertension was defined as the average clinical
measured systolic and/or diastolic blood pressure > 95t
percentile (based on age, sex, and height percentiles).?
Albuminuria was defined using the KDIGO terminology
as albuminuria/creatinine in urine ratio > 30 ug/mg
confirmed in three samples of the first morning void.
Estimated glomerular filtration rate (eGFR) was calculated
using the bedside Schwartz equation revised in 2009%:
eGFR = 0.413 x height (cm)/serum creatinine (mg/dL)
For children over 2 years old, eGFR was?:

- Moderately impaired eGFR: eGFR 60-89 mL/min/1.73
m? (CKD stage 2);

- Significantly impaired eGFR: eGFR < 60 mL/min/1.73
m? (CKD stage 3).

If under 2 years old, eGFR was?*:

- Moderately impaired eGFR: > 1 standard deviation (SD)
and < 2 SD below the mean for age;

- Significantly impaired eGFR: > 2 SD below the mean
for age.

Renoprotective medication was defined as the use of
antihypertensive or antiproteinuric medication.

Renal injury was defined as persistent presence of any

vesicoureteral
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of the following hypertension and/or albuminuria and/
or at least moderately impaired eGFR and/or use of
renoprotective medication.

Ipsilateral CAKUT was defined as an anomaly of the
remaining kidney or the ipsilateral urinary tract, such as
vesicoureteral reflux or ureteropelvic junction obstruction.
To study the possible differences on outcome, we
divided the population into subgroups according to
etiology, BW, presence of other ipsilateral CAKUT, and
history of urinary tract infections.

Statistical analysis

The demographic and clinical data were assessed. The
values were expressed as mean and SD for quantitative
variables and percentages for qualitative variables.
For the comparative study, continuous variables were
grouped in classes. We assumed that the missing values
are completely at random (MCAR) and, therefore, they
are not expected to bias the obtained results.

The data collected were analyzed using student’s t-test
(quantitative variables), chi-square, and V Cramer tests
(categorical variables) with IBM SPSS version 22.0® software.
Logistic regression analysis was used to identify predictors
of renal injury and to control the confounding variables.
Clinical and demographic characteristics were included in
the model. The level of significance considered was p < 0.05.

Results

Population characteristics

The sample included 147 children with CSFK followed
in the pediatric nephrology unit in the study period,
with male predominance and mean age 7.7 years (+ 4.8
years) at the last follow-up visit (Table 1). Minimum and
maximum period of follow-up was one and 18 years,
respectively. Twenty (13.6%) were discharged from
hospital follow-up to primary health care.
Three-quarters of CSFK were prenatally identified. Left-
sided CSFK was predominant. The most frequent etiology
was multicystic dysplastic kidney. Ipsilateral CAKUT was
found in 21 patients (14.3%) and vesicoureteral reflux
represented 11 (52.4%) of the CAKUT. Malformation of
another organ was present in 33 (22.4%). Twenty-nine
patients (19.7%) of the study population had already
had at least one urinary tract infection, being that,
among these, seven had ipsilateral CAKUT. Sample
characteristics are shown in Table 1.

Renal injury
Eighty patients (54.4%) met the criteria for renal injury.
There was no statistical difference in the mean age

between patients with and without renal injury (7.6 vs
7.8 years old, respectively, p = 0.786, 95% confidence
interval (Cl)). Table 2 shows the details.

The incidence of renal injury was higher in the subgroup
with other CAKUT in the remaining kidney/ipsilateral
urinary tract (90.1% vs. 48.4%, p < 0.001). Except for
eGFR severely impaired, all types of renal injury were
significantly greater in this subgroup (Table 3).
Furthermore, previous urinary tract infections (19.7%)
only had a positive correlation with severely impaired
eGFR (Table 4).

No significant relationship was shown in the occurrence
of renal injury between subgroups according to BW and
gestational age (Table 5). There was also no difference
between median age at the last follow up between
subgroups: BW < 2500 g and > 2500 g (6.4 vs 7.4 years old, p
= 0.365); small for gestational age (SGA) versus appropriate
for gestational age (AGA) and large for gestational age (LGA)
(6.3 vs. 7.5 years old, p = 0.217; and preterm versus term
birth (8.2 vs. 7.2 years old, p = 0.404). Moreover, etiology of
CFSK did not significantly influence the percentage of renal
injury (p = 0.508) (Table 6).

Table 1. Clinical characteristics of study population

Characteristics n (%)
Sex
Male 90 (61.2)
Female 57 (38.7)
CSFK side
Left 77 (52.4)
Right 70 (47.6)
Etiology
MCDK 92 (62.7)
URA 55 (37.4

Gestational age

Term 116 (78.9)
Preterm 21 (14.3)
Missing value 10 (6.8)
Birthweight
>2500 g 115 (78.2)
LBW (1500-2500 g) 19 (12.9)
VLBW (< 1500 g) 1(0.7)
Missing value 12 (8.2)
Weight appropriated to GA
AGA 99 (67.3)
SGA 28 (19.0)
LGA 6 (4.1)
Missing value 14 (9.5)

| J
AGA - appropriate for gestational age; CSFK - congenital solitary functional kidney; GA - gestational
age; LBW - low birth weight; LGA - large for gestational age; MCDK - multicystic dysplastic kidney;
SGA - small for gestational age; URA - unilateral renal agenesis; VLBW - very low birth weight.
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The only independent factor identified as significant
predictor of renal injury was the presence of CAKUT in
the remaining kidney/ipsilateral urinary tract (OR 16.7, p
=0.007). Age, low BW, SGA, preterm birth, and previous
urinary tract infections were not significant predictors
for renal injury (Table 7).

Table 2. Renal injury in congenital solitary functional kidney

There was no one with end stage CKD or renal
replacement therapy.

Discussion

Population characteristics
This study is a pioneer in Portugal. Although it embraces
a single center, it has a significant sample (147 patients)

n (%)

Renal injury 80 (54.4) as we are one of the five reference centers of pediatric
) nephrology and it includes a wide range of ages (0-18

Hypertension 3(2.0) . . X .
b years). Prenatal diagnosis contributed to an earlier

Albuminuri 9(6.1 . - .
uminura o (6.1) identification and, consequently, follow-up. Consistently
eGFR moderately impaired 65 (44.2) like in other reports, there is a male and left side solitary
€GFR severely impzired 11(7.5) functioning kidney predominance and other CAKUT of
| Renoprotective medication 11(7.5) the CSFK is present in 14.3%.1

eGFR - estimated glomerular filtration rate.

Table 3. Renal injury in the absence/presence of other congenital anomalies of the kidney and urinary tract

Total, n

Renal injury, n (%)

Hypertension, n (%)
Albuminuria, n (%)

eGFR moderately impaired, n (%)

eGFR severely impaired, n (%)

| Renoprotective medication, n (%)

With CAKUT Without CAKUT p

21 126 =
19 (90.1) 61 (48.4) 0.001
2(9.5) 1(0.1) 0.009
5(23.8) 4(3.2) 0.001
17 (80.1) 48 (38.1) 0.001
2(9.5) 9(7.1) 0.817
5(23.8) 7(4.8) 0.002

CAKUT - congenital anomalies of the kidney and urinary tract; eGFR - estimated glomerular filtration rate.

Table 4. Renal injury in subgroups with and without previous urinary tract infections

Total, n

Renal injury, n (%)

Hypertension, n (%)
Albuminuria, n (%)

eGFR moderately impaired, n (%)

eGFR severely impaired, n (%)

| Renoprotective medication, n (%)

uTl No UTI p
29 118 -
17 (58.6) 63 (53.4) 0.612
0 3(2.5) 0.386
3(10.3) 6 (5.1) 0.413
12 (41.4) 53 (44.9) 0.731
5(17.2) 6(5.1) 0.032
3(10.3) 8(6.8) 0.513

eGFR - estimated glomerular filtration rate; UTI - urinary tract infection.

Table 5. Renal injury in the subgroups according to birth weight and gestational age

Total, n

Renal injury, n (%)

Total, n

Renal injury, n (%)

Total, n

L Renal injury, n (%)

BW <2500 g BW > 2500 g p
20 115 -

13 (65.0) 61 (53.0) 0.321
SGA AGA and LGA p
28 105 -

18 (64.3) 55 (52.4) 0.261
Preterm birth Term birth p
21 116 -

12 (57.1) 63 (54.3) 0.810

AGA - appropriate for gestational age; BW - birthweight; LGA - large for gestational age; SGA - small for gestational age.
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Table 6. Renal injury in the congenital solitary functioning kidney of different etiology

URA MCDK p
Total, n 55 92 -
Renal injury, n (%) 28 (50.9) 52 (56.5) 0.508
Hypertension, n (%) 0 3(3.2) 0.176
Albuminuria, n (%) 5(9.1) 4(4.3) 0.246
eGFR moderately impaired, n (%) 23 (41.8) 42 (45.6) 0.651
eGFR severely impaired, n (%) 3(5.4) 8(8.7) 0.420
\Renoprotective medication, n (%) 5(9.1) 6 (6.5) 0.567 J

eGFR - estimated glomerular filtration rate; MCDK - multicystic dysplastic kidney; URA - unilateral renal agenesis.

Table 7. Results of final multivariate logistic regression model, including six candidate predictive factors for renal injury

Characteristics
Age

BW < 2500 g
SGA

uTl

Preterm birth
&CAKUT

OR 95% Cl 14
0.98 0.91-1.07 0.693
1.13 0.33-3.90 0.850
1.58 0.55-4.59 0.399
1.18 0.46-3.03 0.730
1.00 0.34-2.96 0.996
16.70 2.13-130.79 0.007

BW - birth weight; CAKUT - congenital anomalies of the kidney and urinary tract; CI - confidence interval; OR - odds ratio; SGA - small for gestational age; UTI - urinary tract infection

Renal outcome

Our study demonstrates the occurrence of renal injury
in a very important proportion of children with CSFK
(54.4%) and a significant percentage (7.5%) of severe
eGFR impairment. Our findings are in line with most
recent studies. The KIMONO study, a prospective study
including over 400 children from the Netherlands,
showed that nearly one in three children with SFK had
signs of renal injury at a mean age of 10 years.? Similarly,
in another prospective study, at a tertiary nephrology
center in Slovakia, renal injury was described in 38.1% at
a median age of 11 years.?® However, a direct comparison
with our study is not possible because of the sampling
and study design. Both studies also included acquired
SFK and their definitions of renal injury included eGFR
< 60 mL/min/1.73 m? and not < 90 mL/min/1.73 m? as
ours. In opposition, a rather more optimistic view of the
outcomes was given by other authors'® which cohort
had 306 patients with CSFK diagnosed prenatally and
renal injury was only 3.9% after a median follow-up of
7.2 years. Nevertheless, that optimistic view could not
be extended to adolescence and early adulthood as the
study did not fully encompass those periods.
Furthermore, there was no difference in the patients’
age between groups with and without renal injury,
which led to the suspicion that there were other
factors early in life that might contribute to a worse
prognosis. In our sample, the most common etiology
of CSFK was MCKD, in opposition to other reviews,?

yet it did not seem to influence the prognosis. Renal
injury development was independent of CSFK etiology,
but was significantly correlated with the presence of
an additional ipsilateral CAKUT (90.1% of patients with
other CAKUT had a renal injury, p < 0.001), as shown in
the international literature.*'*?! In our study, children
with ipsilateral CAKUT had 16.7 times more renal
injury than those without it, independently of other
factors such as age or a previous urinary tract infection.
Studies demonstrate also a higher percentage of end
stage CKD in patients with ipsilateral CAKUT.?® Even
though our cohort had a significant percentage of SFK
with ipsilateral CAKUT (14.3%), no patients required
renal replacement therapy during the follow-up period.
Prematurity, low BW, and SGA were not associated with
poorer prognosis in this cohort, which was not expected
from the literature review.’>?! It might be justified by
the small number of children with those characteristics
in our sample. Authors had explored another possible
reason - median age at the last follow-up between
groups with and without those characteristics - but it
was not statistically different. Despite these results,
those variables must be considered. Concerning post-
natal factors, urinary tract infection is a well-recognized
factor that worsens the prognosis.** In our study, 20%
of the children with a previous urinary tract infection
had eGFR severely impaired (p = 0.007), but it was not
proven to be an independent predictive factor.
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Implications

Routine fetal ultrasound has modified natural history
of this condition, by allowing an earlier diagnosis and,
therefore, a precocious assessment of other risk factors.
Since renal injury may develop from infancy, clinical
follow-up of every child with CSFK should start at birth
in order to delay the progression toward renal injury.*
It should include blood pressure monitorization and
proteinuria assessment. For patients with ipsilateral
CAKUT, clinical follow-up should be more frequent.
Urinary tract infection must be prevented and, if it
occurs, early diagnosis and treatment is mandatory.
In addition, it is noteworthy that eGFR impairment
may not be preceded by hypertension or proteinuria.
Therefore, eGFR must be determined.

To date, there are no follow-up guidelines for children
with CSFK, just recommendations, which emphasize the
need for more research into this topic.*

Strengths and limitations

Our study is one of the first published studies
characterizing a CSFK Portuguese pediatric population
and has a large sample. This study also emphasizes the
importance of the identification of risk factors (such as
other CAKUT and urinary tract infection) and the need
for follow-up early in life, before the occurrence of any
potential renal damage.

The limitations of our study are?%2%26:27;

- The retrospective design did not allow us to access
to some information, like the age at which children
developed renal injury;

- It might implicate a selection bias, since our sample is
followed in a tertiary center;

- It is important to take into consideration that the
data used for statistical analysis is only from the last
appointment.

- Other factors associated to renal and cardiovascular
diseases, like diet (namely protein and salt intake), body
mass index, and sports contact performance, were not
evaluated in this study.

m Portuguese Journal of Pediatrics

To summarize, our research corroborates the most
recent studies, as it draws attention to the poor renal
outcome in a high percentage of cases, showing that
CSFK is not a harmless clinical condition as described
in the past decades.*!®? The results highlight the
relevance of early and lifelong need for follow-up.

-
WHAT THIS STUDY ADDS

e More than a half of children with congenital solitary functioning
kidney progresses toward renal injury during childhood.

e Congenital solitary functioning kidney is not a harmless clinical
condition as described in recent decades.

e The presence of ipsilateral congenital anomalies of the kidney
and urinary tract is an independent risk factor for the development
of renal injury.

e This study reinforces the importance of early clinical follow-up in
hpat-ients with congenital solitary functioning kidney.
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Prognosis in Congenital Solitary Functioning Kidney

Que Fatores Influenciam o Progndstico no Rim Solitario Funcional Congénito?

Introdugdao: A prematuridade, baixo peso ao nascer e
recém-nascidos leves para a idade gestacional condicionam
um menor numero de nefrénios ao nascimento. Quando
associados a rim Unico funcionante, sobretudo na presenca
de outras anomalias congénitas do rim e trato urindrio,
podem influenciar negativamente o progndstico. O objetivo
deste estudo é identificar fatores que influenciam o outcome
renal em doentes com rim Unico funcionante congénito.

Métodos: Andlise retrospetiva de doentes com rim Unico
funcionante congénito acompanhados em consulta de
nefrologia pediatrica de um hospital terciario portugués
entre 2012 e 2017. Lesdo renal definida como hipertensao
arterial, albumindria, diminuicdo moderada da taxa de
filtragdo glomerular e/ou uso de terapéutica renoprotetora.
Resultados: Foram identificadas 147 criangas com rim Gnico
funcionante congénito (62,7% com displasia multiquistica),
trés quartos tinham diagndstico pré-natal. Prematuridade,
baixo peso ao nascer, leve para a idade gestacional e
outra anomalia congénita do rim e trato urinario ipsilateral
estavam presentes em, respetivamente, 14,3%, 13,6%, 19%
e 14,3%. Aproximadamente metade cumpria critérios de
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lesdo renal. Foi estabelecida uma associacdo significativa
entre infegdo do trato urinario e diminui¢do grave da taxa de
filtragdo glomerular (p = 0,007) e, também, entre anomalias
congénitas do rim e trato urinario e hipertensdo (p = 0,001),
diminuicdo moderada de taxa de filtragdo glomerular (p =
0,01) e albuminuria (p = 0,001). O Unico fator independente
para lesdo renal foi a presenca de anomalias congénitas
do rim remanescente / trato urinario ipsilateral (odds
ratio 16,7, p = 0,007). Nao foi identificada uma associagdo
significativa entre fatores perinatais e sinais de lesdo renal.
Discussdo: O rim Unico funcionante congénito ndo é uma
patologia inocente, como descrito nas uUltimas décadas, e
é necessario um acompanhamento precoce e ao longo da
vida. A infecdo do trato urinario e a coexisténcia de outra
anomalia congénita do rim e/ou trato urinario ipsilateral
estdo relacionadas com um pior progndstico.

Palavras-Chave: Adolescente; Crianga; Portugal; Progndstico;
Rim/anomalias congénitas; Rim Unico/congénito; Rim
Unico/complicacdes



