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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, protein-
uria, 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 soli-
tary kidney was found in nine (9%) and renal length below the 75th 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 three, proteinuria in 14 (15%), and arterial hyperten-
sion in 10 (11%) children. A total of 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.
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INTRODUCTION

Congenital solitary kidney (CSK) is a kidney’s
anatomical or functional absence from birth. It
results from abnormal or incomplete kidney de-
velopment in utero leading to a non-functioning
kidney, as in multicystic dysplastic kidney and
renal aplasia, or from unilateral renal agenesis
[1]. Dysplastic kidneys can regress spontane-
ously 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 con-
firmed in most cases with a neonatal abdominal
ultrasound (US) performed by a pediatric ra-
diologist. Further imaging with renal scintig-
raphy with dimercaptosuccinic acid (DMSA)
or dimercaptoacetyltriglycine (MAG3) is only
recommended if the diagnosis is uncertain (e.g.,
in the absence of compensatory renal hyper-
trophy) [2].

In the majority of CSK, there is increased
renal growth, which is initiated prenatally. A
reduced number of nephrons leads to glomeru-
lar 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 ipsi-
lateral CAKUT and insufficient kidney length,
obesity, and low birth weight [4, 5, 6]. The best
indicator of renal function in children and ado-
lescents 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 chil-
dren 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.

METHODS

This is a retrospective study, conducted at the
University Children’s Hospital in Ljubljana,
Slovenia.

The patients

We reviewed the medical records of 310 chil-

dren diagnosed with solitary kidney disease
between January 1980 and December 2017.
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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 retroperito-
neum 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: sex, reasons for first
US examination, appearance of kidneys at US examina-
tion, 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 medications (ACE inhibitors), GFR, pro-
teinuria, and blood pressure.

us

US examinations of the abdomen and pelvis were per-
formed by various examiners with children in the su-
pine position using a 3.5 to 5 MHz probe, usually with
the Toshiba US devices (Eccocce, Ecusson, SSA 140A or
Power Vision 6000, Toshiba Corporation, Minato, Tokyo,
Japan). 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 corticomedul-
lary differentiation without calyceal dilatation was pres-
ent and 10 mm was considered the upper limit of normal
anterior-posterior renal pelvis diameter [10], otherwise, it
was considered abnormal.

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 chil-
dren 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 chil-
dren 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
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kidney length below the 75th percentile for renoprotec-
tion. Therefore, we did not include the ACE inhibitor as
a 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, pro-
teinuria, 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) was used to calculate the
GEFR [12]. According to Hellerstein et al. [13], the thresh-
old for significantly impaired GFR in solitary kidney
was 78 mL / min / 1.73 m? in 1-2-year-old children,
73 mL / min/ 1.73 m? in girls over two years and boys 2-13
years, and 70 mL / min / 1.73 m? in boys over 13 years.
Proteinuria was defined as urinary protein excretion > 100
mg / m*/ 24 hours or spot urine protein/creatinine ratio
> 0.2 g/g Cr [14]. Blood pressure was determined with a
24-hour or 48-hour ambulatory blood pressure measure-
ment. 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 pack-
age for IBM SPSS Statistics for Windows, Version 29.0.
(IBM Corp., Armonk, NY, USA). Numeric variables are ex-
pressed 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 predic-
tive 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 sub-
sequent amendments or comparable ethical standards.
Informed consent was obtained from all individual par-
ticipants included in the study.

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
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for other congenital malformations, enuresis, urinary in-
continence 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 nine (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, fol-
lowed by hydronephrosis and/or hydroureter with or with-
out ureterovesical junction obstruction (Table 2).

Impaired GFR for solitary kidney according to
Hellerstein et al. [13] was found in three 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. A total of
28 (29%) 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 nine 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).

Renal injury risk factors

A total of 23 (24%) patients met the criteria for renal in-
jury, defined as significantly impaired GFR and/or the
presence of proteinuria and/or hypertension. In the mul-
tiple 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
two 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 Jergensen et al. [16] (61% vs. 67%). When
considering abnormal kidney appearance, our data is also
like the study by Jergensen et al. [16] (10% vs. 8%). In ad-
dition, 25% of our children were found to have CAKUT,
mainly VUR, which occurred in 15% of cases. This num-
ber is lower than the 24% of patients with VUR in the
meta-analysis by Westland et al. [1]. Siomou et al. [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 et al. [1]
meta-analysis, these findings highlight the need for further
validation to avoid routinely using voiding cystourethrog-
raphy in children with a normal sonographic appearance of
CSK and no recurrent UTIs, especially given the increasing
availability of non-invasive methods for detecting VUR.
In our study;, a significantly higher percentage of chil-
dren were treated with an ACE inhibitor compared to
the KIMONO study (29% vs. 17%, respectively). In the
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Table 1. Patient characteristics

Characteristic N 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 et al. [9]

<75% 8/74* (10.8)
75-95% 22/74* (29.7)
>95% 44/74* (59.5)
Low birth weight 7/95 (7.4)
Obesity 18/89* (20.2)
UTls 26/93* (28)
CAKUT 24/95 (25.3)
Extrarenal anomalies 23/95 (24.2)
Median age at first diagnosis, months 2(2-61)**

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

Median follow-up, months

Table 2. Congenital anomalies of the kidney and urinary tract (CAKUT)

Parameters l_\lo. o
patients (%)
CAKUT (total) 24/95 (25.3)
VUR 14/95 (14.7)
Hydronephrosis and/or hydroureter with or
without ureterovesical junction obstruction 9/95(95)
Pyelon 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
Table 3. Renal injury and the use of ACE inhibitor
Parameters NO' i
patients (%)
Renal injury (total) 23/95 (24.2)
Impaired GFR according to Hellerstein 3/91* (3.3)
Proteinuria 14/91* (15.4)
Arterial 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

Table 4. Multiple logistic regression analysis of risk factors

Risk Factor OR (95% Cl) p-value
CAKUT 0.40 (0.08-1.94) 0.254
Low birth weight 0.64 (0.06-5.62) 0.637
UTl 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

CAKUT - congenital anomalies of the kidney and urinary tract; UTI - urinary
tract infection; US - ultrasound

majority 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 inhibi-
tor were mostly proteinuria or hypertension. The mean age
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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. [1] found impaired GFR in 10%, micro-
albuminuria in 21%, and hypertension in 16% in their
meta-analysis 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 hyperten-
sion 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 conse-
quence 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 in-
hibitor 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 pre-
vious 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 signifi-
cance (OR 5.6, p = 0.08). The reason for this discrepancy
between our study and other studies could be the smaller
number 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 prehyper-
tension 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-an-
giotensin-aldosterone system inhibitors) may also provide
renoprotective benefits in patients with an SFK. The use of
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Owrtehetrbe bybpera koa Aeue ca ypoheHUm conmtapHum 6ybperom — UCKYCTBO

jemHoOr ueHTpa
Jepa lpabHap’, PuHa P. Pyc??

'YHUBEP3NTETCKN Me[MUMHCKM LieHTap y Jby6rbann, [ledja 6onHMLa, JbybrbaHa, CnoBeHuja;
2YHMBEP3UTETCKN MEAULIMHCKI LieHTap y JbybrbaHn, [leyja 6onHuua, Onersetbe 3a negujatpujcky Hedponorujy, JbybrbaHa, CnoseHuja;
3YHuBepauTet y JbybrbaHu, MegnumHcku dakynter, Jbybrbaa, CnoseHuja

CAMETAK

YBoa/Uwnmb CmameHa fyxuHa 6ybpera, Hicka nopohajHa Te-
XKMHa, rojasHocT 1 ypoheHe aHomanuje 6ybpera 1 MoKpahHMX
nyTeBa Ha UCTOj CTPaHW NPeACcTaBsbajy dakTope pusmKa 3a oluTe-
herbe 6ybpera (xvnepTeHsujy, POTEMHYPU]Y N XPOHUYHY Bonect
6ybpera) Kop naLpjeHaTa ca jeaHM GyHKLMOHanHUM 6ybperom.
Linm Hawe cTtyanje 6ro je ga uctpaxu dpaktope prsnka 3a
owTehere 6ybpera 1 NCXOA Neyera Kog feLie ca ypoheHnm
conutapHum 6ybperom (CSK).

Mertope Mogatke CMO NMPUKYNAW U3 MEANLIMHCKE AOKYMEH-
Tauwmje 95 peue ca CSK.

Pesynratu [euia ca CSK 6vna cy npetexHo MyLkor nona (61%).
AbHopManaH ynTpasBy4YHU Hana3 conutapHor bybpera 3abene-
XEH je Ko AeBeTopo (9%) felle, a fyxunHa bybpera ncnog 75.
nepueHTMna kog ocmopo (11%) geue. Cegmopo (7%) peue je
MMano HICKY nopohajHy TexuHy, 18 (20%) 6uno je rojasHo, 26
(28%) nmano je nHdeKLMje ypuHapHOr TpakTa, 24 (25%) nma-
no je ypoheHe aHomanuje 6ybpera 1 MokpahHux nyTesa, a 28
(29%) 61no je neyeHo MHXMOUTOPOM aHTMOTEH3NH-KOHBEPTY]Y-
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her eH3nma (ACE). CmarbeHa 6p3viHa rnomepynapHe duntpauyje
3abenexeHa je Kof Tpoje Aeue, NpoTenHypuja kog 14 (15%), a
apTtepujcka xunepTeH3uja kog 10 (11%) geue. YkynHo 23 (24%)
JeTeTa UCnyHuna cy Kputepujyme 3a owtehere 6ybpera. Y Bu-
LIECTPYKOj NOTUCTUYKO]j PErPecKji camo je abHopmMarnaH ynTpa-
3BYYHV Hasa3 Nnokasao TpeHA CTaTucTyKe 3HauajHoctn (OR 5,6;
p =0,08). Y nopehetby ca gpyrum ctyaujama, umanu cmo sehu
npoLeHaT AeLe Kojoj je nponucaH ACE HX1OUTOp 3a 3alwTuTy
6y6pera. To 611 Morao 6uUTK pasnor 3a Makby MPOLIeHaT oLTe-
herba Bybpera y Halloj CTyauju.

3akmyyak [paherbe KPBHOT MPUTMCKA, NPOTEVHYpYje 1 by-
6pexHe GyHKLMje Moxe 6VTM of NpecyAHOr 3Hauaja, Nnoce6-
Ho Kopa felle ca CSK 1 abHopManHym ynTpa3ByYHUM Hanasom.
Moper Tora, NoTpebHe Cy Aarbe cTyauje Kako 61 ce NoTBpAMO
Moryhu noBosbaH edekat peHONpPOTEKTUBHOT TPETMaHa Kog,
nayujeHata ca CSK.

KmbyuHe peun: conutapHu 6y6per; owTtehere 6ybpera; pe-
HOMPOTEKTUBHU TpeTMaH; ACE nHxnbutop; geua; abHopmanaH
YNTpa3By4YHU Hana3

Srp Arh Celok Lek. 2025 Mar-Apr;153(3-4):176-180



