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Original Article
Comparison of Clinical Outcomes of Unilateral Atro-
phic/Hypoplastic/Nephrectomized and Solitary Kidney

Background and Aim: The congenital anomalies of the kidney and urinary tract (CAKUT) 
are the most common findings in the pediatric age group with congenital malformations. The 
aim of this study was to evaluate clinical characteristics and follow-up results of children with 
unilateral solitary kidney (SK)/hypoplasia/atrophy and nephrectomized kidney.

Methods: We retrospectively reviewed the medical records of patients with unilateral atrophic/
hypoplastic/SK and nephrectomized kidney who presented to the pediatric nephrology clinic 
between January 2010 and January 2023. The review included demographic data, laboratory 
findings, imaging results, and the clinical course of these patients. 

Results: Eighty-nine patients were included in the study (M/F=52/37). 42(47.2%) patients 
had SK, 29(32.6%) patients had atrophy, 6(6.7%) patients had hypoplasia, and 12(13.5%) 
patients had undergone nephrectomy. At the last examination, hypertension was present in 
a total of 8 patients (9%). Hypertension was observed in 16.7% of nephrectomized patients 
and 11.9% of SK patients. Proteinuria was detected in 15 patients (16.9%) at the last follow-
up visit, with the highest frequency observed in nephrectomized patients (33.3%). The four 
groups exhibited notable variations in terms of serum creatinine and phosphorus levels, 
with the nephrectomized group showing a higher creatinine level (P=0.004) and a lower 
phosphorus level (P=0.027) compared to the SK group. 

Conclusion: Nephrectomy patients exhibit relatively high rates of proteinuria, hypertension, 
and increased creatinine levels, indicating the need for close monitoring.
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Introduction

ongenital anomalies of the kidney and 
urinary tract (CAKUT) are the most 
common findings in the pediatric age 
group with congenital malformations 
[1]. In recent years, with the increasing 

prevalence of prenatal ultrasound, the frequency of CA-

KUT has been steadily rising [2]. These anomalies are 
the most common cause of end-stage renal disease in 
children [3]. Children with an insufficient number of 
nephrons are at a higher risk of developing hyperten-
sion, proteinuria, and chronic kidney disease (CKD) in 
later life [4]. Renal agenesis/hypoplasia and dysplasia 
constitute a significant portion of these anomalies [5]. 
Unilateral kidney agenesis (URA) is defined as a con-
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genital unilateral condition characterized by the absence 
of kidney tissue, likely due to abnormal embryonic kid-
ney development, excessive growth and/or malforma-
tion of the primary ureteric bud, as well as interactions 
with metanephric mesenchyme [6]. Renal hypoplasia is 
characterized by a normal progression of nephrogenesis 
but a reduced number of nephron numbers, leading to a 
smaller-sized kidney [7]. An atrophic kidney is one that 
has shrunk to an abnormal size with abnormal function 
[3]. Nephrectomy is a surgical procedure to remove a 
kidney due to a tumor or an untreatable infected kidney 
[8]. In children with such anomalies, there are only a few 
reports on the progression of renal function and related 
parameters, such as hypertension, proteinuria and serum 
creatinine. Currently, there are insufficient global and 
local statistics regarding the long-term outcomes of a 
“missing kidney structure” in the pediatric population. 
The aim of this study was to evaluate clinical charac-
teristics and follow-up results of children with unilateral 
solitary kidney (SK)/hypoplasia/atrophy and nephrecto-
mized kidney. 

Material and Methods

We retrospectively reviewed the medical records re-
garding the demographic data, laboratory findings, im-
aging results, and clinical course of patients with uni-
lateral atrophic/hypoplastic/SK and nephrectomized 
kidneys who presented to the pediatric nephrology clinic 
between January 2010 and January 2023.

The variables, including age, gender, blood pressure, 
urinary protein/creatinine ratio, serum creatinine level, 
serum urea level and complete blood count were record-
ed for each patient. The presence of vesicoureteral reflux 
(VUR) and dimercaptosuccinic acid (DMSA) was also 
recorded. Accompanying congenital anomalies, includ-
ing cardiac and urologic anomalies, ophthalmologic pa-
thologies, and blood groups, were analyzed. Following 
the examination of four anomalies, patients were catego-
rized into two groups: Those with atrophy/hypoplasia 
and those with SK plus a nephrectomized kidney. These 
two groups were compared based on demographic and 
clinical variables. 

Data were analyzed by SPSS software, version 16.0. 
Descriptive results were expressed as Mean±SD for con-
tinuous variables with a normal distribution and as me-
dian, minimum and maximum for variables with no nor-
mal distribution. Group comparisons were carried out 
using ANOVA, unpaired Student’s t-test, non-parametric 
Kruskal–Wallis test, or Mann–Whitney test as appropri-
ate. Categorical variables are described as percentages, 
and the chi-square test was used to evaluate distinctions 
between the groups, at the 0.05 significance level. 

Results

Eighty-nine patients were included in this study 
(M/F=52/37), of whom 42(47.2%) patients had SK, 
29(32.6%) patients had atrophy, 6(6.7%) patients had 
hypoplasia, and 12(13.5%) patients had undergone ne-
phrectomy (Figure 1). Among the patients with SK, 10 
cases (23.8%) were diagnosed with multicystic dysplas-

Figure 1. Distribution of patient groups
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tic kidney (MCDK) disease. In total, 54 patients (60.7%) 
had a single kidney. The median age of all patients at 
the time of participation in the study was 132 months 
(range 4-212 months), the median age at diagnosis was 
48 months (range 1-182 months) and the median follow-
up duration at our clinic was 36 months (range 3-122 
months). Prenatal diagnosis was present in 25 patients 
(28.1%) and 54 patients (60.7%) had a history of previ-
ous urinary tract infections (UTIs). The indications for 
nephrectomy were as follows: 3(25%) for Wilms tumors, 
3(25%) for reflux nephropathies, 2(16.7%) for advanced 
hydronephrosis-nonfunctional kidneys, 2(16.7%) for 
complicated pyelonephritides (abscess), 1(8.3%) for me-
soblastic nephroma, and 1(8.3%) for nephrolithiasis. The 
mean renal uptake of DMSA in patients with atrophy/
hypoplasia was 21.5±11.9%; in patients with renal atro-
phy, it was 21.6%±11.8% and the mean DMSA uptake in 
patients with renal hypoplasia was 21.2±14.6%. .

There was no significant difference in terms of gender 
and age between the four groups (P=0.115 and P=0.124, 
respectively) (Table 1). There was a significant differ-
ence between the groups in terms of age at diagnosis and 
follow-up time (P=0.009 and P<0.001, respectively). 
This difference was due to a younger age at diagnosis 
and a sorter follow-up time in the SK group compared 
to the atrophic group (P=0.046 and P=<0.001, respec-
tively). The left side was dominant in all groups except 
the renal hypoplasia group (right/left=4/2). At the last 
examination, hypertension was present in 8 patients 
(9%). Specifically, 16.7% of nephrectomized patients 
and 11.9% of SK patients had hypertension. Proteinuria 
was detected in 15(16.9%) patients at the last follow-
up visit, with the nephrectomized patients showing the 
highest frequency of proteinuria (33.3%). Three (20%) 
patients with proteinuria also had hypertension Addi-
tionally, two (25%) patients with hypertension had in-
creased creatinine levels. Blood type A was significantly 
higher in the hypoplastic group (66.7%), and there were 
no patients with blood type AB in this group. A total of 
15(16.9%) patients had a history of prematurity, with the 
hypoplastic group having the highest rate of premature 
birth (50%). A total of 20 patients (22.5%) had a family 
history of renal anomalies. VUR was detected in 23 pa-
tients (25.8%), of whom 18 patients were in the atrophic 
group. In terms of medical history of UTI, the atrophic 
group had the highest rate (72.4%). Nineteen (82.6%) 
patients with VUR had a history of UTI. There was a 
significant difference between the four groups in terms 
of serum creatinine and phosphorus levels. This differ-
ence was due to higher creatinine (P=0.004) and lower 
phosphorus (P=0.027) levels in the nephrectomized pa-
tient group compared to the SK group. Phosphorus lev-

els were also lower in the atrophic kidney group than in 
the SK group (P=0.005). There was no significant differ-
ence regarding the mean levels of urea, uric acid, potas-
sium, calcium and hemoglobin between the four groups 
(P<0.005).

Regarding comorbidities (Table 2), 5 patients (11.9%) 
in the SK group and 1 patient (8.3%) in the renal hy-
poplasia nephrectomy group had refractive errors in the 
eyes. Additionally, 7(16.7%) patients in the SK group, 
1(3.4%) patient in the atrophy group and 1(16.7%) pa-
tient in the hypoplasia group had cardiac anomalies. One 
patient in the atrophy group also had Down syndrome, 
and 2 patients in the SK group were diagnosed with 
VACTERL syndrome (vertebral defects anal atresia, car-
diac defects, tracheo-esophageal fistula, renal anomalies 
and limb abnormalities). In total, 20 patients had addi-
tional urinary anomalies, including hydrocele, uretero-
cele, hypospadias, cryptorchidism, ectopic kidney, and 
ureteric pelvic obstruction, with their distribution among 
the groups presented in Table 2.

When comparing patients with a “missing kidney” to 
those without, female gender was significantly more 
common in the missing kidney group (57.1% vs 31.5%, 
P=0.016). The median age at diagnosis was significantly 
younger in patients with one kidney (P=0.001), and the 
follow-up duration was significantly longer (P≤0.001). 
There was no significant difference in left-sided domi-
nance between the two groups (P=0.321). In the single 
kidney group, seven patients (13%) had hypertension 
at the last visit, compared to only one patient (2.9%) in 
the other group and this difference was statistically sig-
nificant (P=0.001). Although the rate of proteinuria was 
higher in the single kidney group, this difference was 
not statistically significant (P=0.093) (Table 3). There 
was no significant difference between the two groups 
regarding a history of prematurity and a family history 
of kidney disease (P=0.558 and P=0.637, respectively). 
The incidence of VUR detected by cystogram was sig-
nificantly higher in the non-single kidney group (54.3% 
vs 7.4%, P<0.001). There was no significant difference 
in terms of a history of urinary tract infection between 
the two groups (P=0.734). Laboratory parameters, such 
as urea, creatinine, uric acid, potassium, phosphorus and 
calcium levels showed no significant difference between 
the two groups (P>0.05).

Discussion

The kidney outcomes examined in children with differ-
ent CAKUT forms include a range of standard outcome 
measurements, such as high blood pressure, proteinuria, 
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Table 1. The demographic and clinical laboratory characteristics of the patient groups

Variables
Solitary 
Kidney
n=42

Renal 
Atrophy

n=29

Nephrectomy
n=12

Renal 
Hypoplasia

n=6
P Post Hoc analysis

Gender (female) No. (%)* 13(31) 17(58.6) 4(33.3) 3(50) 0.115

Age median month (min-
max)* 91(4-209) 150(13-210) 174.5(65-

214) 144(40-204) 0.124

Age of diagnosis-median 
month  (min-max)** 1(1-181) 72(1-180) 42(1-96) 66(1-144) 0.009****

Between solitary 
kidney and atrophy: 

P=0.046

Following time-median 
month (min-maks)** 60(3-119) 17(4-80) 54(24-120) 22(12-100) <0.001****

Between solitary 
kidney and atrophy: 

P<0.001

Effected side (right/left) 15/27 12/17 4/8 4/2

Prenatal diagnosis No. (%) 20(47.6) 3(10.3) 2(16.7) 0(0) <0.001****
Between solitary 

kidney and atrophy:                 
P=0.002

Hypertension at last visit
No. (%) 5(11.9) 1(3.4) 2(16.7) 0(0)

Antihypertensive use No. (%) 3(7.1) 1(3.4) 2(16.7) 0(0)

Proteinuria at last visit No. (%) 8(19) 3(10.3) 4(33.3) 0

The most common blood 
group (%) A(41.9) A(42.1) A(45.5) A(66.7)

The least common blood 
group (%) AB(9.7) AB(5.2) AB(0.0) AB(0.0)

History of prematurity No. (%) 10(23.8) 2(6.9) 0 3(50)

Familial history of renal 
anomaly No. (%) 10(23.8) 5(17.2) 3(25) 2(33.3)

Positive VUR/Cystogram 
taken 1/5 18/25 3/5 1/3

Past urinary tract infection 26 (61.9) 2 1(72.4) 6(50) 1(16.7) 0.067

Urea** 
median (min-max) (mg/dL) 24 (6.4-72) 23.5(12-59) 25.5(16-31) 23.5(16-32) 0.989

Creatinin** 
median (min-max) (mg/dL)

0.47
(0.20-1.45)

0.58 
(0.33-1.08)

0.80
(0.39-1.04) 0.55(0.38-0.98) 0.002****

Between solitary 
kidney and 

nephrectomy=0.004

Uric acid ** 
median  (min-max)(mg/dL) 4.1(1.5-6.6) 4.3(2.7-5.8) 4.6(2.6-7.6) 4.4(3.0-8.1) 0.305

Potassium***(meq/L) 4.6±0.4 4.5±0.5 4.5±0.3 4.6±0.5 0.987

Phosphor***(mg/dL) 4.7±0.8 4.1±0.9 3.8±0.7 4.5±0.9 0.002****

Between solitary 
kidney and atrophy 

P=0.027
Between solitary 

kidney and 
nephrectomy 

P=0,005

Calcium***(mg/dL) 9.9±0.4 9.8±0.6 9.8±0.2 9.7±0.6 0.328

 Hemoglobin***(g/dL) 13.1±1.5 13.6±1.4 14.1±1.8 14.0±1.4 0.158

*Chı-square test

**Mann Whitney U test

***Unpaired Student’s t-test :Mean±SD

****P<0.05
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and a decrease in kidney function. This study investi-
gated the mid-term prognosis of children with solitary, 
hypoplastic, atrophic kidneys, and those who had under-
gone nephrectomy, focusing on their clinical features, in-
cluding creatinine levels, hypertension, and proteinuria.    

The predominant group in our population was SK. In 
line with our results, prior studies have shown a higher 
prevalence among males and a left-side predominance 
in cases of kidney agenesis [9, 10]. Urinary tract abnor-
malities may coexist with SK in 10-50% of cases, under-
scoring the importance of imaging the opposite side [11, 
12]. In our study, the incidence of associated urological 
anomalies varied between 14.3% and 33.3%. A prenatal 
diagnosis was established in 25 patients (28.1%), pre-
dominantly in SK cases with 20 patients diagnosed pre-
natally. Similarly, Plaud Gonzalez et al. found a similar 
rate (24.9%). The widespread use of ultrasound, espe-
cially in cases of URA, makes prenatal diagnosis pos-
sible [13]. Studies have reported that 10% to 50% of 
children with CAKUT have a family history of kidney 
abnormalities or urinary tract conditions [14, 15]. In our 
study cohorts, the prevalence of family history for SK, 
hypoplasia, and atrophy ranged from 17.2% to 33.3%. 
Hence, screening with ultrasound is advised for the first-
degree relatives of these individuals [16]. 

The high rate of VUR in the atrophy group is an ex-
pected finding due to a cause-and-effect relationship. 
Moreover, the most prevalent UTI was identified in the-

atrophy group, leading to a higher occurrence of VUR 
within the same group; hence, 82.6% of those with VUR 
had a history of UTI. The most important indication 
for performing a VCUG (voiding cystourethrogram) is 
to assess the presence or absence of VUR [17]. Reflux 
nephropathy (kidney scarring) is characterized by at-
rophy, tubular damage, and interstitial fibrosis. Reflux 
nephropathy (kidney scarring) is characterized by atro-
phy, tubular damage, and interstitial fibrosis. Therefore, 
in patients displaying atrophy alongside hydronephrosis 
and a history of urinary tract infection, a voiding cysto-
urethrogram should be carried out. Given the low rate 
of VUR in agenetic patients, a routine cystogram is un-
necessary. 

CAKUT is often associated with malformations of the 
reproductive system on the same side (ipsilateral) and 
various other malformation syndromes. The genetic 
causes for most cases remain unknown. In individuals 
with CAKUT, around one-third to half of them present 
one or more associated anomalies in other organ sys-
tems. These can involve cardiovascular, gastrointestinal, 
central nervous, skeletal, genitourinary, pulmonary, and 
renal systems, along with facial anomalies, chromosom-
al abnormalities, and multiple congenital anomaly syn-
dromes [18]. According to the results of a meta-analysis 
conducted by Westland et al. additional CAKUT and ex-
trarenal anomalies were observed in 32% and 31% of the 
cases, respectively [19]. Recognizing this relationship is 
important, especially when the anomaly is not evident 

Table 2. Accompanied findings and anomalies of patient groups

Variables
No. (%)

Solitary Kidney
(n=42)

Renal Atrophy
(n=29)

Nephrectomy
(n=12)

Renal Hypoplasia
(n=6)

Eye finding
Refractory error 

Retinopathy
5(11.9)
1(2.4)

0(0)
0 (0)

1(8.3)
0(0)

1(16.7)
0(0)

Cardiac 
anomaly

ASD
VSD
MVP
PDA

7(16.7)
3(7.1)
2(4.8)
0(0)

2(4.8)

1(3.4)
0(0)
0(0)

1(3.4)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

1(16.7)
1(16.7)

0(0)
0(0)
0(0)

Down 
syndrome VACTER-L

0(0)
2(4.8)

1(3.4)
0(0)

0(0)
0(0)

0(0)
0(0)

Other urinary 
anomalies 

other than VUR

 (Hydrocele, ureterocel, 
hypospadias, cryptorchidism, 
ectopic kidney, ureteric pelvic 

obstruction)

6(14.3) 8(27.6) 4(33.3) 2(33.3)

ASD: Atrial septal defect, VSD: Ventricular septal defect; MVP: Mitral valve prolapsus; PDA: Patent ductus arteriosus (PDA);  
VACTER-L: Vertebral defects, anal atresia, cardiac defects, tracheoesophageal fistula, renal anomalies, and limb abnormalities; 
VUR: Vesicoureteral  reflux.
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during routine physical examination [20]. In the pres-
ent study, seven patients had congenital heart diseases 
(5.8%). Among the SK patients, two cases were syn-
dromic (VACTER-L syndrome) and within the atrophy 
group, one patient had Down syndrome. Hence, we sug-
gest that an echocardiogram be conducted, particularly 
in SK patients. Patients with URA should be evaluated 
from a distinct perspective regarding the potential pres-
ence of the syndrome. 

Brenner et al. [4] states that a decrease in the number 
of nephrons can lead to glomerular hypertension, hy-
pertrophy, and injury, which, in turn, results in systemic 
hypertension, albuminuria, and ultimately, glomeru-

losclerosis. Factors, such as an earlier gestational age, 
smaller kidney size at diagnosis, a decreased estimated 
glomerular filtration rate (eGFR), proteinuria and elevat-
ed blood pressure have been linked to the onset of CKD 
[21]. In our study group, proteinuria was predominantly 
observed in the nephrectomized group (33.3%), fol-
lowed by SK (19%). Similarly, hypertension was more 
prevalent in nephrectomized patients compared to the 
SK group (16.7% and 16.9%, respectively). Similarly, 
Westland et al. found a similar hypertension rate in URA 
[19]. The crucial point to note is that the prognosis for 
nephrectomized patients was poorer than the other three 
groups concerning mean proteinuria and hypertension 

Table 3. Comparison of groups in mean of presence of kidney in the affected side

Variables Group A*

(n=54)
Group B*

(n=35) P

Gender (female) No. (%)** 17(31.5) 20(57.1) 0.016**

Age –median  month (min-max)*** 102(4-214) 150(13-210) 0.296

Age of diagnosis-median month (min-max)*** 7(1-182) 72(1-180) 0.001**

Following time-median month (min-maks)*** 60(3-122) 19(4-100) <0.001

Effected side (right/left)** 19/35 16/19 0.321

Hypertension at last visit No. (%)** 7(13) 1(2,9) 0.001**

Antihypertensive use No. (%)** 5(9.3) 1(2,9) 0.239

Proteinuria at last visit No. (%) 12(22.2) 3(8.6) 0.093

History of prematurity No. (%)** 10(18,5) 5(14.3) 0.558

Familial history of renal anomaly No. (%)** 13(24.1) 7(20) 0.637

Positive VUR/Cystogram taken** 4(7.4) 19(54.3) <0.001**

Past urinary tract infection** 32(59.3) 22(62.9) 0.734

Urea** median (min-max) (mg/dL) 24(6.4-72) 23(12-59) 0.946

Creatinin*** median (min-max) (mg/dL) 0.55(0.2-1.45) 0.58(0.33-1.08) 0.212

Uric acid *** median  (min-max)(md/dL) 4.2(1.5-7.6) 4.35(2.7-8.1) 0.640

Potassium****(meq/l) 4.4 ±1.3 4.5±1.0 0.688

Phosphor****(mg/dL) 4.6 ±0.4 4.5 ±0.5 0.775

Calcium****(mg/dL) 4.5± 0.9 4.2±0.9 0.095

Hemoglobin****(g/dL) 9.9±0.4 9.8±0.6 0.134

*Group A: Soliter+ Nephrectomized, Group B: Atrophy+ Hypoplesia

**Chı-Square Test

***Mann Whitney U test

**** Unpaired Student’s t-test :Mean±SD.
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rates. We observed higher rates of hypertension, protein-
uria, and creatinine elevation in nephrectomized patients 
compared to SK patients. Jaoudé et al. suggested that 
the compensation of the remaining kidney for renal me-
tabolism may be of greater significance. This could pose 
challenges in cases of nephrectomy following trauma 
[22], potentially explaining the development of addi-
tional hypertension. Furthermore, another contributing 
factor is that upon examining the reasons for nephrec-
tomy, four of these patients had malignancies and under-
went chemotherapy. We speculate that the contralateral 
kidney may have been affected as a consequence of that 
treatment. In addition, cancer can have direct effects on 
kidney function through multiple factors, such as tumor 
lysis and hypercalcemia [23]. Conversely, Catalina et al. 
noted that individuals with an oncological condition ex-
hibited a delayed decline in GFR compared to those with 
a non-oncological condition, specifically 63.5 months 
versus 41.3 months [24]. However, we advocate for the 
prompt implementation of adequate renal protective 
therapy and blood pressure management, particularly in 
these nephrectomized pediatric patients. In cases where 
the contralateral kidney remains unaffected, the long-
term renal functional prognosis is typically favorable. 
However, in children with persistent urinary tract anom-
alies, the risk of adverse outcomes increases, with the 
average duration until CKD being 14.8 years [19, 25]. 

Upon comparing the single-kidney patient group with 
the group possessing kidney tissue, it was noted that the 
prevalence of hypertension was significantly higher in 
single-kidney patients. Although proteinuria was elevat-
ed, the statistical significance was not established. The 
renin-angiotensin system stands out as the most potent 
mechanism for maintaining sodium balance in reaction 
to alterations in sodium intake and/or excretion. It plays 
a crucial role in protecting against decreases in blood 
pressure due to a decrease in extracellular fluid volume 
[26, 27]. Even the presence of an extra glomerule might 
offer protection against hypertension. 

In the present study, the median follow-up time was 
longer in the SK group and shorter in the atrophy group. 
The diagnosis of SK can be made antenatally; however, 
atrophy will be diagnosed during the evaluation of uri-
nary tract anomalies, or it can also be incidentally diag-
nosed, which leads to delayed diagnosis. 

In a study conducted on over 7,000 individuals in Tur-
key, the blood group distribution was as follows: A blood 
group 39.9%, B blood group 17%, AB blood group 
14.6% and O blood group 28.2% [28]. A striking point in 
our study is the relatively high prevalence of blood group 

A in the hypoplastic group, while blood group AB was 
not found in this group. The ABO gene is located near 
the NOTCH1 and EHMT1 genes on chromosome 9q34, 
which play a significant role in cardiovascular devel-
opment [29]. Despite the prevalence of cardiovascular 
malformations in the solitary group within our study, this 
factor alone does not account for our findings. Our cur-
rent understanding of CAKUT genetics primarily stems 
from syndromic human developmental disorders, which 
are more accessible for study and have led to the identi-
fication of numerous candidate CAKUT genes, largely 
based on insights from mouse models [30]. The hypoth-
esis that CAKUT could arise from single-gene mutations 
is supported by observations that certain monogenic 
mouse models can display CAKUT phenotypes and that 
monogenic human syndromes may encompass CAKUT 
phenotypes [31]. 

Among the most crucial genes identified to influence 
kidney development in both humans and mice are RET 
and WNT11 (located on chromosomes 10 and 11, respec-
tively), GDNF, WT1, EYA1 (on chromosomes 5, 11 and 
8, respectively) and PAX2 (on chromosome 10). As such, 
there appears to be no direct association with the blood 
type gene on chromosome 9 [32, 33]. We anticipate that 
forthcoming genetic studies will shed light on the ratio-
nale behind our findings.

The present study has several limitations, including its 
retrospective nature, the lack of kidney function assess-
ment using a standard method like creatinine clearance, 
and the inconsistent measurement of microalbumin lev-
els across all patients. Furthermore, another constraint is 
that most statistical tests commonly employed to com-
pare data categorized into groups (particularly those 
indicated by P) may not be as reliable when there is a 
comparison group consisting of <10 individuals (renal 
hypoplasia, n=6). 

Conclusion

Given the notably elevated rates of proteinuria, hyper-
tension, and increased creatinine levels in nephrectomy 
patients, close monitoring is imperative. The follow-up 
of children with a single kidney requires long-term and 
vigilant monitoring, actively investigating conditions, 
such as proteinuria and hypertension. Additionally, 
echocardiographic assessments should be conducted, 
particularly in URA patients. 

Lütfi Koyuncu Ö & Kandur Y. Clinical Outcomes of Solitary Kidney. J Ped Nephrol. 2023; 11(2):88-96.

https://journals.sbmu.ac.ir/jpn


95

Spring 2023. Volume 11. Number 2

Ethical Considerations

Compliance with ethical guidelines

The study was approved by the Ethics Commit-
tee of Kırıkkale University (Code: 2022.01.09; date: 
11.1.2022).

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

All authors equally contributed to the preparation of  this 
article.

Conflict of interest

The authors declared no conflicts of interests.

References

[1] Pohl M, Bhatnagar V, Mendoza SA, Nigam SK. Toward an 
etiological classification of developmental disorders of the 
kidney and upper urinary tract. Kidney Int. 2002; 61(1):10-9.
[DOI:10.1046/j.1523-1755.2002.00086.x] [PMID] 

[2] Harambat J, van Stralen KJ, Kim JJ, Tizard EJ. Epidemiol-
ogy of chronic kidney disease in children. Pediatr Nephrol 
(Berlin,Germany). 2012; 27(3):363-73. [DOI:10.1007/s00467-
011-1939-1] [PMCID] [PMID]

[3] Isert S, Müller D, Thumfart J. Factors associated with the de-
velopment of chronic kidney disease in children with congen-
ital anomalies of the kidney and urinary tract. Front Pediatr. 
2020; 8:298. [DOI:10.3389/fped.2020.00298] [PMID] [PMCID] 

[4] Brenner BM, Lawler EV, Mackenzie HS. The hyperfiltration 
theory: A paradigm shift in nephrology. Kidney Int. 1996; 
49(6):1774-7. [DOI:10.1038/ki.1996.265] [PMID] 

[5] Sanna-Cherchi S, Caridi G, Weng PL, Scolari F, Perfumo 
F, Gharavi AG, et al. Genetic approaches to human renal 
agenesis/hypoplasia and dysplasia. Pediatr Nephrol. 2007; 
22(10):1675-84. [DOI:10.1007/s00467-007-0479-1] [PMID] 

[6] Sanna-Cherchi S, Ravani P, Corbani V, Parodi S, Haupt R, 
Piaggio G, et al. Renal outcome in patients with congenital 
anomalies of the kidney and urinary tract. Kidney Int. 2009; 
76(5):528-33. [DOI:10.1038/ki.2009.220] [PMID] 

[7] Bonsib SM. Renal hypoplasia, from grossly insufficient 
to not quite enough: Consideration for expanded concepts 
based upon the author’s perspective with historical re-
view. Adv Anat Pathol. 2020; 27(5):311-30. [DOI:10.1097/
PAP.0000000000000269] [PMID] [PMCID] 

[8] Tabbara MM, González J, Ciancio G. The surgical evolution 
of radical nephrectomy and tumor thrombectomy: A narra-
tive review. Ann Transl Med. 2023; 11(6):262. [DOI:10.21037/
atm-22-2877] [PMID] [PMCID] 

[9] Harewood L, Liu M, Keeling J, Howatson A, Whiteford M, 
Branney P, et al Bilateral renal agenesis/hypoplasia/dyspla-
sia (BRAHD): Postmortem analysis of 45 cases with break-
point mapping of two de novo translocations. Plos One. 2010; 
5(8):e12375. [DOI:10.1371/journal.pone.0012375] [PMID] 
[PMCID] 

[10] Dogan CS, Torun Bayram M. Renal outcome of children 
with unilateral renal agenesis. Turk J Pediatr. 2013 ; 55(6):612-
5. [PMID]

[11] Cascio S, Paran S, Puri P. Associated urological anomalies 
in children with unilateral renal agenesis. J Urol. 1999; 162(3 
Pt 2):1081-3. [PMID] 

[12] Natarajan G, Jeyachandran D, Subramaniyan B, Thani-
gachalam D, Rajagopalan A. Congenital anomalies of kid-
ney and hand: A review. Clin Kidney J. 2013; 6(2):144-9. 
[DOI:10.1093/ckj/sfs186] [PMID] [PMCID] 

[13] Plaud Gonzalez AM, Joseph C, Stover SR, Nassr A, Koh CJ, 
Angelo JR, et al. Fetal nephrology: A quaternary care center 
experience. Kidney360. 2023; 4(3):333-40. [DOI:10.34067/
KID.0004782022] [PMID] [PMCID] 

[14] Weber S. Novel genetic aspects of congenital anomalies of 
kidney and urinary tract. Curr Opin Pediatr. 2012; 24(2):212-8.
[DOI:10.1097/MOP.0b013e32834fdbd4] [PMID] 

[15] Bulum B, Ozçakar ZB, Ustüner E, Düşünceli E, Kavaz 
A, Duman D, et al. High frequency of kidney and urinary 
tract anomalies in asymptomatic first-degree relatives of 
patients with CAKUT. Pediatr Nephrol. 2013; 28(11):2143-7.
[DOI:10.1007/s00467-013-2530-8] [PMID] 

[16] McPherson E. Renal anomalies in families of individuals 
with congenital solitary kidney. Genet Med. 2007; 9(5):298-
302. [DOI:10.1097/GIM.0b013e3180544516] [PMID] 

[17] Coley BD. Caffey’s pediatric diagnostic imaging. Philadel-
phia: Saunders; 2013. [Link]

[18] Capone VP, Morello W, Taroni F, Montini G. Genetics of 
congenital anomalies of the kidney and urinary tract: The cur-
rent state of play. Int J Mol Sci. 2017; 18(4):796. [DOI:10.3390/
ijms18040796] [PMID] [PMCID] 

[19] Westland R, Kurvers RA, van Wijk JA, SchreuderMF. Risk 
factors for renal injury in children with a solitary function-
ing kidney. Pediatrics. 2013; 131(2):e478-85. [DOI:10.1542/
peds.2012-2088] [PMID] 

[20] Stonebrook E, Hoff M, Spencer JD. Congenital anomalies 
of the kidney and urinary tract: A clinical review. Curr Treat 
Options Pediatr. 2019; 5(3):223-35. [DOI:10.1007/s40746-019-
00166-3] [PMID] [PMCID] 

[21] Matsell DG, Cojocaru D, Matsell EW, Eddy AA. The im-
pact of small kidneys. Pediatr Nephrol. 2015; 30(9):1501-9.
[DOI:10.1007/s00467-015-3079-5] [PMID] 

[22] Jaoudé PA, Dubourg L, Bacchetta J, Berthiller J, Ranchin 
B, Cochat P. Congenital versus acquired solitary kidney: 

Lütfi Koyuncu Ö & Kandur Y. Clinical Outcomes of Solitary Kidney. J Ped Nephrol. 2023; 11(2):88-96.

https://journals.sbmu.ac.ir/jpn
https://kku.edu.tr/
https://doi.org/10.1046/j.1523-1755.2002.00086.x
https://www.ncbi.nlm.nih.gov/pubmed/11786080
https://doi.org/10.1007/s00467-011-1939-1
https://doi.org/10.1007/s00467-011-1939-1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3462908
https://pubmed.ncbi.nlm.nih.gov/21713524/
https://doi.org/10.3389/fped.2020.00298
https://www.ncbi.nlm.nih.gov/pubmed/32612963
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7307454
https://doi.org/10.1038/ki.1996.265
https://www.ncbi.nlm.nih.gov/pubmed/8743495
https://doi.org/10.1007/s00467-007-0479-1
https://www.ncbi.nlm.nih.gov/pubmed/17437132
https://doi.org/10.1038/ki.2009.220
https://www.ncbi.nlm.nih.gov/pubmed/19536081
https://doi.org/10.1097/PAP.0000000000000269
https://doi.org/10.1097/PAP.0000000000000269
https://www.ncbi.nlm.nih.gov/pubmed/32520748
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7458098
https://doi.org/10.21037/atm-22-2877
https://doi.org/10.21037/atm-22-2877
https://www.ncbi.nlm.nih.gov/pubmed/37082681
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10113093
https://doi.org/10.1371/journal.pone.0012375
https://www.ncbi.nlm.nih.gov/pubmed/20811621
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2928268
https://pubmed.ncbi.nlm.nih.gov/24577979/
https://www.ncbi.nlm.nih.gov/pubmed/10458436
https://doi.org/10.1093/ckj/sfs186
https://www.ncbi.nlm.nih.gov/pubmed/26019842
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4432441
https://doi.org/10.34067/KID.0004782022
https://doi.org/10.34067/KID.0004782022
https://www.ncbi.nlm.nih.gov/pubmed/36996300
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10103341
https://doi.org/10.1097/MOP.0b013e32834fdbd4
https://www.ncbi.nlm.nih.gov/pubmed/22245908
https://doi.org/10.1007/s00467-013-2530-8
https://www.ncbi.nlm.nih.gov/pubmed/23812353
https://doi.org/10.1097/GIM.0b013e3180544516
https://www.ncbi.nlm.nih.gov/pubmed/17505207
https://booksdo.com/wp-content/uploads/XPreview/Pediatrics/3/caffey's-pediatric-diagnostic-imaging-2-vol-set-13th-ed-by-coley.pdf
https://doi.org/10.3390/ijms18040796
https://doi.org/10.3390/ijms18040796
https://www.ncbi.nlm.nih.gov/pubmed/28398236
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5412380
https://doi.org/10.1542/peds.2012-2088
https://doi.org/10.1542/peds.2012-2088
https://www.ncbi.nlm.nih.gov/pubmed/23319536
https://doi.org/10.1007/s40746-019-00166-3
https://doi.org/10.1007/s40746-019-00166-3
https://www.ncbi.nlm.nih.gov/pubmed/32864297
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7451090
https://doi.org/10.1007/s00467-015-3079-5
https://www.ncbi.nlm.nih.gov/pubmed/25794549


96

Spring 2023. Volume 11. Number 2

Is the difference relevant? Nephrol Dial Transplant. 2011; 
26(7):2188-94. [DOI:10.1093/ndt/gfq659] [PMID] 

[23] Prada M, Gastelbondo R, Gonzalez LE, Espitaletta Z, Gar-
cés S. Nefrotoxicidad por quimioterapia. Arch Lat Nefr Ped. 
2011; 11:112-35. [Link]

[24] Catalina SB, Katherine PNA, Nicolas F, Mariangel C, Zilac 
EV, Gomez AMQ, et al. The natural history of solitary post-
nephrectomy kidney in a pediatric population. Int Braz J Urol. 
2019; 45(6):1227-37. [DOI:10.1590/s1677-5538.ibju.2018.0291] 
[PMID] [PMCID] 

[25] Westland R, SchreuderMF, Ket JC, vanWijk JA. Unilateral 
renal agenesis: A systematic review on associated anomalies 
and renal injury. Nephrol Dial Transplant. 2013; 28(7):1844-
55. [DOI:10.1093/ndt/gft012] [PMID] 

[26] Hall JE, Guyton AC, Smith MJ Jr, Coleman TG. Blood pres-
sure and renal function during chronic changes in sodium in-
take: Role of angiotensin. Am J Physiol. 1980; 239(3):F271-80.
[DOI:10.1152/ajprenal.1980.239.3.F271] [PMID] 

[27] Hall JE, Mizelle HL, Brands MW, Hildebrandt DA. Pres-
sure natriuresis and angiotensin II in reduced kidney mass, 
salt-induced hypertension. Am J Physiol. 1992; 262(1 Pt 
2):R61-71. [DOI:10.1152/ajpregu.1992.262.1.R61] [PMID] 

[28] Akin G, Dostbil N. [Türkiye'de kan grubu araştırmaları 
(Turkish)]. Ankara Üniversitesi Dil ve Tarih-Coğrafya Fakül-
tesi Dergisi. 2005; 45(2):1-15. [Link]

[29] Koenig SN, Bosse K, Majumdar U, Bonachea EM, Radtke 
F, Garg V. Endothelial Notch1 is required for proper de-
velopment of the semilunar valves and cardiac outflow 
tract. J Am Heart Assoc. 2016; 5(4):e003075. [DOI:10.1161/
JAHA.115.003075] [PMID] [PMCID] 

[30] Nicolaou N, Renkema KY, Bongers EM, Giles RH, Kno-
ers NV. Genetic, environmental, and epigenetic factors in-
volved in CAKUT. Nat Rev Nephrol. 2015; 11(12):720-31. 
[DOI:10.1038/nrneph.2015.140] [PMID] 

[31] Vivante A, Kohl S, Hwang DY, Dworschak GC, Hilde-
brandt F. Single-gene causes of congential anomalies of the 
kidney and urinary tract (CAKUT) in humans. Pediatr Neph-
rol. 2014; 29(4):695-704. [DOI:10.1007/s00467-013-2684-4] 
[PMID] [PMCID] 

[32] Vainio S, Lin Y. Coordinating early kidney development: 
Lessons from gene targeting. Nat Rev Genet. 2002; 3(7):533-
43. [DOI:10.1038/nrg842] [PMID] 

[33] Costantini F, Shakya R. GDNF/RET signaling and the 
development of the kidney. Bioessays. 2006; 28(2):117-27. 
[DOI:10.1002/bies.20357] [PMID] 

Lütfi Koyuncu Ö & Kandur Y. Clinical Outcomes of Solitary Kidney. J Ped Nephrol. 2023; 11(2):88-96.

https://journals.sbmu.ac.ir/jpn
https://doi.org/10.1093/ndt/gfq659
https://www.ncbi.nlm.nih.gov/pubmed/21045075
https://www.alanepe.org/wp-content/uploads/2019/10/ALANEPE-2011-3.pdf#page=19
https://doi.org/10.1590/s1677-5538.ibju.2018.0291
https://www.ncbi.nlm.nih.gov/pubmed/31808412
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6909849
https://doi.org/10.1093/ndt/gft012
https://www.ncbi.nlm.nih.gov/pubmed/23449343
https://doi.org/10.1152/ajprenal.1980.239.3.F271
https://www.ncbi.nlm.nih.gov/pubmed/6254369
https://doi.org/10.1152/ajpregu.1992.262.1.R61
https://www.ncbi.nlm.nih.gov/pubmed/1733341
https://dergipark.org.tr/en/pub/dtcfdergisi/issue/66770/1044141
https://doi.org/10.1161/JAHA.115.003075
https://doi.org/10.1161/JAHA.115.003075
https://www.ncbi.nlm.nih.gov/pubmed/27107132
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843530
https://doi.org/10.1038/nrneph.2015.140
https://www.ncbi.nlm.nih.gov/pubmed/26281895
https://doi.org/10.1007/s00467-013-2684-4
https://www.ncbi.nlm.nih.gov/pubmed/24398540
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4676405
https://doi.org/10.1038/nrg842
https://www.ncbi.nlm.nih.gov/pubmed/12094231
https://doi.org/10.1002/bies.20357
https://www.ncbi.nlm.nih.gov/pubmed/16435290

