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Renal injury in children with a congenital solitary kidney — a single
center experience

IToBpena 6yOpera koj nere ca ypoh)eHUM CouTapHuM 0yOperoM — HCKYCTBO Y
JEIIHOM LICHTPY

SUMMARY

Introduction /Objective Reduced kidney length,
low birth weight, obesity, and ipsilateral congenital
anomalies of the kidney and urinary tract (CAKUT)
are risk factors for renal injury (hypertension,
proteinuria, and chronic kidney disease) in single-
functioning kidneys. Our study aimed to investigate
the risk factors for renal injury and outcome in
children with congenital solitary kidney (CSK).
Methods We collected data from the medical records
of 95 children with CSK.

Results Children with CSK were predominantly
male (61%). An abnormal ultrasound (US) view of a
solitary kidney was found in 9 (9%) and renal length
below the 75" percentile in eight (11%) children.
Seven (7%) children had low birth weight, 18 (20%)
were obese, 26 (28%) had urinary tract infections, 24
(25%) had CAKUT and 28 (29%) were treated-with
an angiotensin-converting enzyme (ACE) inhibitor.
Decreased glomerular filtration rate was found in/3,
proteinuria in 14 (15%), and arterial hypertension in
10 (11%) children. 23 (24%) children met the criteria
for renal injury. In multiple‘logistic regression, only
US abnormalities approached.significance (OR 5.6, p
= 0.08). Compared to other studies, we had a higher
percentage of an ACE inhibitor prescribed for renal
protection..This could be the reason for the low
percentage of renal injuries in our study.

Conclusion Monitoring blood pressure, proteinuria,
and renal function might be of utmost importance,
especially in children with CSK and abnormal US
appearance. Additionally, further studies are needed
to confirm the possible beneficial effect of
renoprotective treatment in patients with CSK.
Keywords: solitary kidney; renal injury;
renoprotective treatment; ACE inhibitor; children;
abnormal ultrasound appearance

INTRODUCTION

CAKETAK

¥YBon /Ilmbs dakropu pusuka 3a nmospeze oOyopera
(xunepreHsuja, MPOTEUHYPHUja U XPOHUUHA OOJIECT
OyOpera) y jeqHoM (yHKIHOHAIHOM OyOpery cy
cMameHa JTy)KHHa OyOpera, HECKa nopol)ajHa TeKH-
Ha, F0ja3HOCT U UIICUIIATepalIHEe KOHTCHUTAJIHE aHO-
Manuje OyOpera u ypunapsor Tpakra (LHAKYT).
wp Hamre cTyanje OWo je 1a UCTPaKUMO (hakTope
pH3HMKa 3a oBpeae OyOpera-u ucXo Ko Jene ca
ypohenum comurapanm Oyoperom (LICK).

Mertone [IpuKynmim ¢MO oaaTke U3 MeIULTHCKE
nmokymenrarije 95 meue ca LICK.

Pesyaratn [lena ca [ICK cy mpeTexHO MyIIKH
(61%)./Adnopmannu ynrpa3syunu (CAJ]) nornen Ha
ycamibeHH 0yOper mpoHaleH je kox 9 (9%) u ayxu-
He OyOpera ucnop 75. mepueHTIIa KoJl 0CMOPO
(11%) nene. Cemmopo (7%) nere je UMano HUCKY
nopobhajay Texuny, 18 (20%) je 6uo rojasuo, 26
(28%) je mmano nHpekIyje ypuHapHOT TpakTa, 24
(25%) je mmano HAKYT u 28 (29%) je neueHo uH-
XUOUTOPOM aHTHOTCH3MH-KOHBEPTYjyher eH3mma
(ALIE). CMmamena Op3uHa riiomepynapHe puirpa-
mije npoHalena je y 3, mporeunypuja y 14 (15%) u
aprepujcka xuneprersuja koa 10 (11%) mere. 23
(24%) netie UCITYHUIIO je KPUTEPHjyMe 3a MTOBPEJIe
OyOpera. Y BHIIECTPYKO] JIOTUCTHYKO] PErpecuju,
caMo cy ce amepu4Ke aOHOPMAaITHOCTH TPUOIIHKUIE
3na4ajy (OP 5.6, p = 0.08). Y mopehemy ca npyrum
cryaujama, nmanu cmo Behn nmpouenar ALLE uaxu-
OuTopa mpomucaHor 3a 3amTuTy Oyopera. To 6u Mo-
rao OWTH pa3yior 3a HU3aK MpoIeHaT moBpena Oyope-
ra y Haloj CTyAdju.

3aksbyuak [Ipaheme KpBHOT MPUTUCKA, TPOTCHHY -
puje u OyOpexne QpyHKuHje Moke OuTH o1 Hajeeher
3Hauaja, moceoHo kox aerne ca [{CK u abHopManaM
nsrnenom y CAJl-y. Ilopen tora, motpebHe Cy gabe
CTyIuje Kako Ou ce moTBpauo Moryhu GiaroTBOpHH
e(ekat peHONPOTEKTUBHOT TPETMaHa KOJI MalyjeHa-
ta ca [ICK.

KibyuHe peun: ycamssenu OyOper; moBpena
OyOpera; peHonpoTekTHBHH TpeTMaH; ALIE
MHXHOHUTOP; Jiena, aOHOPMAJIHHU YITPa3ByK

Congenital solitary kidney (CSK) is a kidney's anatomical or functional absence from birth. It

results from abnormal or incomplete kidney development in utero leading to a non-functioning
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kidney, as in multicystic dysplastic kidney and renal aplasia, or from unilateral renal agenesis
[1]. Dysplastic kidneys can regress spontaneously either prenatally or within the first few years
of life. Additionally, other congenital anomalies of the kidney and urinary tract (CAKUT), in

particular vesicoureteral reflux (VUR), are often associated with CSK [1].

Unilateral renal agenesis is adequately confirmed in most cases with a neonatal abdominal
ultrasound (US) performed by a pediatric radiologist. Further imaging with renal scintigraphy
with dimercaptosuccinic acid (DMSA) or dimercaptoacetyltriglycine (MAG3) is' only

recommended if the diagnosis is uncertain (e.g. in the absence of compensatory renal

hypertrophy) [2].

In the majority of CSK, there is increased renal growth, whichiis initiated prenatally. A reduced
number of nephrons leads to glomerular hyperfiltration, which results in renal injury, such as
high blood pressure, proteinuria, and chronic kidney disease [3]. In a large group of children
with a single functioning Kidney (SFK), the median age at which renal injury occurred was
around 15 years [4]. Risk factors for renal injury in SFK were found to be ipsilateral CAKUT
and insufficient Kidney length, obesity, and low birth weight [4—6]. The best indicator of renal
function in children and adolescents is the glomerular filtration rate (GFR) and as such is used
as the most reliable marker of a functioning kidney mass [7]. Angiotensin-converting enzyme
(ACE) inhibitors slow the progression of chronic kidney disease in children with renal

hypodysplasia [8].

In this study, we sought to evaluate the risk factors for renal injury and outcome in children

with SFK compared to other similar studies.

DOI: https://doi.org/10.2298 /SARH241114025G Copyright © Serbian Medical Society



Srp Arh Celok Lek 2025 | Online First March 13, 2025 | DOI: https://doi.org/10.2298/SARH241114025G 4

METHODS

The study is retrospective, conducted at the University Children’s Hospital in Ljubljana,

Slovenia.

The Patients. We reviewed the medical records of 310 children diagnosed with solitary kidney
disease between January 1980 and December 2017. Following the inclusion criteria (e.g. an
abdominopelvic US examination without evidence of renal tissue on one side (empty renal
fossa, no renal tissue in the retroperitoneum or pelvis) and confirmatory renal scintigraphy) and
the exclusion of children with a surgically removed kidney, 95-children were finally included

in the study.

We collected the following data: Gender, reasons for first US examination, appearance of
kidneys at US examination, measurement of kidney length, duration of follow-up, additional
risk factors (low birth weight, obesity, urinary tract infections (UTI), CAKUT (other than
CSK)), use of renoprotective imedications (ACE inhibitors), GFR, proteinuria, and blood

pressure.

Ultrasound. US examinations of the abdomen and pelvis were performed by various
examiners with children in the supine position using a 3.5 to 5 MHz probe, usually with the
Toshiba US devices (Eccocce, Ecusson, SSA 140A or Power Vision 6000). Compensatory
hypertrophy of the CSK was defined in children in the prone position as kidney length in the
maximal renal longitudinal section exceeding the 95th percentile value for normal kidney
length, as described by Akhavan et al [9]. The US appearance was considered normal if
echogenicity, structure, and thickness of the kidney parenchyma were normal, normal
corticomedullary differentiation without calyceal dilatation was present and 10 mm was
considered the upper limit of normal anterior-posterior renal pelvis diameter [10], otherwise, it

was considered abnormal.
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Scintigraphy. Renal scintigraphy with DMSA (57/95; 60%) or MAG3 (38/95; 40%) was

performed in all children to confirm CSK and exclude obstruction or parenchymal scarring.

Additional risk factors. Low birth weight is defined as <2500 g and obesity is diagnosed with

a BMI > 95th percentile for age and sex.

CAKUT. Because children with CAKUT had a higher proportion of renal injury on the CSK
side [11], we divided the children into those with and without CAKUT. CAKUT was identified
by renal US and scintigraphy (performed in all patients) and by a cystourethrogram performed

in 56/95 patients (58.9%) when VUR was suspected, mainly in-children with recurrent UTI.

Renoprotective treatment. In our study, ACE inhibitor treatment was prescribed not only to
children with proteinuria and hypertension, but also to some children with prehypertension,
CAKUT, and kidney length below the 75thpercentile for renoprotection. Therefore, we did not
include the ACE inhibitor asa possible marker of renal injury as was the case in the KIMONO

study [4].

Renal injury. Renal injury was defined as the persistent presence of one or more of the

following: significantly impaired GFR, proteinuria, and hypertension.

The Schwartz formula with adjustment to the Slovenian population (k= 40 children <3 years;
k = 48 girls >3 years; k=58 boys >3 years) [12] was used to calculate the GFR. According to
Hellerstein [13], the threshold for significantly impaired GFR in solitary kidney was 78
mL/min/1.73m2 in 1-2-year-old children, 73 mL/min/1.73m2 in girls over 2 years and boys 2-
13 years, and 70 mL/min/1.73m2 in boys over 13 years. Proteinuria was defined as urinary
protein excretion >100 mg/m2/24h or spot urine protein/creatinine ratio > 0.2 g/g Cr [14].

Blood pressure was determined with a 24- or 48-hour ambulatory blood pressure measurement.
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A blood pressure > 95th percentile for sex, age, and height was defined as arterial hypertension

[15].

Statistical Analysis

Statistical analysis was performed using the SPSS package for Windows (IBM Corp. Released
2022. IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY). Numeric variables are
expressed as median or mean with standard deviation (SD), depending on the distribution of
the data. Descriptive variables are expressed as percentages. Multiple logistic regression
analysis was performed to determine the predictive risk factors for.renal injury. The results are
expressed as odds ratios (OR) with 95% confidence intervals (CI). A p-value of less than 0.05

was considered statistically significant.

Ethical Approval

The study was approved by the National Medical Ethics Committee of the Republic of Slovenia
(0120-374/2017/7). It complies with the 1964 Helsinki Declaration and its subsequent
amendments or comparable ethical standards. Informed consent was obtained from all

individual participants included in the study.
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RESULTS
Patient Characteristics

Among the children with CSK, there were more boys (61%), and CSK was predominantly

right-sided (56%).

The solitary kidney was detected prenatally in 10/95 (10.5%), immediately after birth during
newborn screening in 31/95 (32.6%) children, by US examination due to UTI in 8/95 (8.4%),
and by US examination during screening for other congenital malformations, enuresis, urinary
incontinence or abdominal pain in 31/95 (32.6%) children. For the remaining 15/95 (15.8%),

no data was found at the time of diagnosis.

The last US examination showed an abnormal kidney appearance in 9 (10%) children (Table

1).

CAKUT (other than CSK) was detected in 24 (25%) children, among those more than one
anomaly was’ found in 8/24 (33%). The most common anomaly was VUR, followed by
Hydronephrosis and/or hydroureter with or without ureterovesical junction obstruction (Table

2).

Impaired GFR for solitary kidney according to Hellerstein [13] was found in 3 patients. In
14/91 (15%) children proteinuria was present and in 10/95 (11%) arterial hypertension. The
mean age of children with a diagnosis of hypertension was 12.4 + 2 years. Twenty-eight (29%)
of the children were treated with an ACE inhibitor for renal injury or for renal protection itself
(Table 3). All children with renal injury were recommended to receive treatment with an ACE
inhibitor; however, only 9 of them were taking the medication. The mean age at the start of

treatment with an ACE inhibitor was 10.2 years (SD 3.2 years).
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Renal injury risk factors

Twenty-three (24%) patients met the criteria for renal injury, defined as significantly impaired
GFR and/or the presence of proteinuria and/or hypertension. In the multiple logistic regression

analysis (Table 4), an abnormal US appearance is almost significant (OR 5.6).

DISCUSSION

In our retrospective unicentric study, 95 children with CSK were evaluated. The median age at
diagnosis was 2 months, with most cases diagnosed either prenatally or immediately after birth,
like in the KIMONO study (both 43%) [4]. We had a higher proportion of males like the study
by Jorgensen et al (61% vs. 67%) [16]."When considering abnormal kidney appearance, our
data is also like the study by Jorgensen et al (10% vs. 8%) [16]. In addition, 25% of our children
were found to have CAKUT, mainly VUR, which occurred in 15% of cases. This number is
lower than the 24% of patients with VUR in the meta-analysis by Westland et al [1]. Siomou
etal [17], on the other hand, report an even lower number of VUR. Since low-grade VUR can
be self-limiting, but high-grade VUR may severely impair renal function, it is important to be
aware of the latter. As noted in the Westland meta-analysis, these findings highlight the need
for further validation to avoid routinely using voiding cystourethrography in children with a
normal sonographic appearance of CSK and no recurrent UT]s, especially given the increasing

availability of non-invasive methods for detecting VUR [1].

In our study, a significantly higher percentage of children were treated with an ACE inhibitor
compared to the KIMONO study (29% vs. 17%, respectively). In most of our children,
treatment with an ACE inhibitor was started due to renal protection (19/28 (68%)), whereas in

the KIMONO study, the indications for an ACE inhibitor were mostly proteinuria or
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hypertension. The mean age at treatment initiation is approximately the same in both our and
the KIMONO study (10.2 years (SD 3.2 years) and 9.8 years (SD 5.5 years), respectively).
However, the main difference between these two studies was that the KIMONO study included

not only children with CSK but also those with acquired SFK [4].

Impaired GFR, proteinuria, and hypertension were found in 3%, 15%, and 11%, respectively.
In comparison, Westland et al. found impaired GFR in 10%, microalbuminuria.in.21% and
hypertension in 16% in their meta-analysis [1] of more than 2500 unilateral renal agenesis
patients. In contrast, in the KIMONO study of more than 400 patients with SFK'(congenital
and acquired), 4% had impaired GFR, 13% proteinuria, and 22% hypertension [4]. We can
speculate that the lower prevalence of hypertension among CSK patients in our study,
compared to other studies, may be attributed to the use of ACE inhibitors as renoprotective
agents, rather than solely being a consequence of the smaller sample size or the exclusive

inclusion of CSK patients.in ‘our cohort.

In our study, 23 patients (24%) met the criteria for renal injury, defined as significantly
impaired GFR, and/or the presence of proteinuria, and/or hypertension. This is lower than the
KIMONO 'study, where-renal injury was observed in 37% of patients [4]. Although in the
KIMONO study, ACE inhibitor was used as a criterion for renal injury, we can speculate that
the renoprotective use of the ACE inhibitor in our study could reduce the percentage of patients

with proteinuria and hypertension.

According to our data, no statistical significance of risk factors for renal injury was found, in
contrast to other previous studies that found ipsilateral CAKUT, insufficient kidney length [4],
obesity [5], and low birth weight [6] as risks factors for renal injury in SFK. In multiple logistic
regression, only the US abnormalities approached significance (OR 5.6, p-value 0.08). The

reason for this discrepancy between our study and other studies could be the smaller number
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of patients included in our study compared to other studies [4, 18], although a possible positive
effect of an ACE inhibitor as a renoprotective medication cannot be completely excluded,
especially in children with prehypertension and US abnormalities. To date, there is limited data
on this topic. In 2017, a systematic literature review was conducted, concluding that anti-RAAS
drugs (renin-angiotensin-aldosterone system inhibitors) may also provide renoprotective
benefits in patients with an SFK. The use of direct renin inhibitors and angiotensin receptor
blockers appears to be particularly suitable, especially in children [18]. Additionally, studies.in
animal models suggest that early administration of ACE inhibitors in cases of SFK isassociated
with impaired glomerular hyperfiltration-mediated kidney .disease [19]. However, further

studies are needed to draw more definitive conclusions.

Most studies highlight the importance of lifelong, regular follow-up for CSK patients, focusing
on monitoring proteinuria, blood pressure, and Kidney function. The KIMONO study
recommended at least annual follow-up for children with CSK until adulthood [4, 15].
However, some studies suggest a less intensive follow-up program for children without
associated-CAKUT and with adequate compensatory renal hypertrophy [3, 4]. Our study

demonstrates that patients with CSK and abnormal US appearances require close monitoring.

Limitations of study

An important obstacle in a retrospective study is missing data, a large difference in follow-up
time, the number of outpatient visits, and data that was not collected systematically and
longitudinally. Due to the retrospective study, albuminuria was not routinely measured and the
results found were far too low to include the parameter in the study. In our study, we used
proteinuria as a parameter, even though urinary albumin measurement is recognized as a more

specific and sensitive indicator of changes in glomerular permeability compared to total urinary
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protein [20]. On the other hand, the protein-to-creatinine ratio has been demonstrated to be a
relevant diagnostic biomarker in clinical trials involving children with glomerular diseases

[21].

CONCLUSION

According to our results, a significant percentage of children with CSK and an abnormal US
appearance exhibit renal injury compared to those with a normal US. Therefore, close
monitoring of blood pressure, protein levels, and kidney function in these children is critically
important. Moreover, further research is needed to explore the-benefits of renoprotective

treatments for individuals with CSK.
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Table 1. Patient characteristics

Characteristic No. of patients (%)
Male gender 58/95(61.1)
Right side CSK 53/95 (55.8)
Abnormal Kidney appearance (last US) 9/93* (9.7)
Kidney length (last US) according to Akhavan

< 75% 8/74* (10.8)
75-95% 22/74* (29.7)
> 95% A4[74* (59.5)
Low birth weight 7195 (7.4)
Obesity 18/89* (20.2)
UTlIs 26/93* (28.0)
CAKUT 24/95 (25.3)
Extrarenal anomalies 23/95 (24.2)
Median age at first diagnosis, months 2 (2-61) **
Median follow-up, months 106 (3-230) **

CSK - congenital solitary kidney; US — ultrasound; UTI— urinary tract infection; CAKUT —

congenital anomalies of the kidney and urinary tract;

*there are a few missing data results due to retrospective studies; **range
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Table 2. Congenital anomalies of the kidney and urinary tract (CAKUT)

Parameters No. of patients (%)
CAKUT (total) 24/95 (25.3)

VUR 14/95 (14.7)
Hydronephrosis and/or hydroureter with or 9/95 (9.5

without ureterovesical junction obstruction (9.5)

Pielon duplex 4/95 (4.2)

Ectopic CSK 2/95 (2.1)

Cystic dysplasia of CSK 1/95 (1.1)
Hypospadias 1/95 (1.1)

VUR - vesicoureteral reflux; CSK — congenital solitary kidney.
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Table 3. Renal injury and the use of ACE inhibitor

Parameters No. of patients (%)
Renal injury (total) 23/95 (24.2)
Impaired GFR according to Hellerstein 3/91* (3.3)
Proteinuria 14/91* (15.4)
Avrterial hypertension 10/95 (10.6)

ACE inhibitor (total) 28/95 (29.5)

for Renal injury 9/95 (9.5)

for Renoprotection 19/95 (20)

ACE — angiotensin-converting enzyme; GFR — glomerular filtration rate;
*there are a few missing data results due to retrospective studies

DOI: https://doi.org/10.2298 /SARH241114025G

Copyright © Serbian Medical Society

16



Srp Arh Celok Lek 2025 | Online First March 13, 2025 | DOI: https://doi.org/10.2298/SARH241114025G

Table 4. Multiple logistic regression analysis of risk factors

Risk Factor OR (95% CI) p-value
CAKUT 0.40 (0.08-1.94) 0.254
Low birth weight 0.64 (0.06-5.62) 0.637
UTI 0.50 (0.10-2.43) 0.394
Obesity 1.44 (0.36-5.75) 0.604
Renal length < 95% 1.33 (0.39-4.56) 0.647
Abnormal US appearance 5.57 (0.81-38.04) 0.080

17

CAKUT - congenital anomalies of the kidney and urinary tract; UTI — urinary tractinfection;

US — ultrasound
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