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What is already known
on this topic?

ABSTRACT

e The decrease in the nephron

number causes glomerular hy-
perfiltration in the remaining
intact nephrons.

Glomerular hyperfiltration leads
to chronic kidney damage man-
ifested by proteinuria and hy-
pertension in the long term.
Individuals with renal agenesis (sol-
itary kidney) are at risk for chronic
kidney damage at later ages.

What this study adds on
this topic?

« Asignificant proportion of chil-
dren with a functional solitary
kidney show early signs of kid-
ney damage in the second de-
cade of life.

Tubular proteinuria may also
guide the follow-up of kidney
damage in addition to microal-
buminuria,

Hypertension investigation in
these patients should be per-
formed with 24-hour Ambula-
tory Blood Pressure Monitoring,
as important additional find-

ings can be obtained.
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Objective: Children with a solitary functioning kidney have an increased risk of developing re-
nal injury that is hypothesized to be caused by glomerular hyperfiltration. In this study, we
aimed to assess the early signs of renal injury and ambulatory blood pressure profiles in chil-
dren with a solitary functioning kidney.

Materials and Methods: Data of children with normal office blood pressure measurement and
a solitary functioning kidney were reviewed (serum creatinine and urine albumin and 2 mi-
croglobulin excretions), and 23 age-, weight-, and height-matched healthy children were con-
sidered as a control group. The size of the kidney was measured by renal ultrasound, and the
presence of compensatory hypertrophy was calculated for all the subjects. Also, the subjects
were additionally assessed for blood pressure (BP) pattern and the presence of hypertension
by 24-hambulatory blood pressure monitoring.

Results: The solitary functioning kidney demonstrated compensatory hypertrophy in 36 out of
the patients (86%) at a mean age of 14.0 (SD 3.0) years. Increased urine albumin and 2 mi-
croglobulinuria, which are signs of kidney damage, were found in 7 (17%) and 5(12%) patients.
Compared with the controls, patients had significantly higher mean blood pressure standard
deviation scores (p>0,001), and ambulatory blood pressure monitoring identified masked hy-
pertension in 7 (17%) children and prehypertension in 6 (14%) patients. Therefore, renal injury,
defined as the presence of hypertension and/or albuminuria and/or 32 microglobulinuria and/
or hypertension, was present in 36% of all children with a solitary functioning kidney.

Conclusion: Children with a solitary functioning kidney need prolonged follow-up to detect ear-
ly signs of renal injury and prevent end-organ damage later in life. Ambulatory blood pressure
monitoring is an essential tool in the diagnosis and clinical management of solitary functioning
kidney patients.

Keywords: Ambulatory blood pressure monitoring, children, glomerular hyperfiltration, hyper-
tension, proteinuria, solitary functioning kidney

Introduction

Unilateral renal agenesis and multicystic dysplastic kidney are disorders that cause a con-
genital reduction in the nephron number. A decrease in functional nephron number caus-
es changes in glomerular hemodynamics in remaining intact nephrons (1). In this process,
which is defined as glomerular hyperfiltration, the intraglomerular pressure per nephron is
increased with the increase of hydrostatic pressure. Thus, it is tried to minimize the function-
al consequences of structural loss with compensatory hypertrophy developing in a solitary
functioning kidney (SFK). However, these maladaptive changes in intact nephrons result in a
vicious cycle that starts with proteinuria and hypertension as a result of glomerular overload
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and progresses to glomerulosclerosis, resulting in a further
increase in nephron loss (1, 2). Knowing these processes that
lead to chronic kidney disease in situations that lead to neph-
ron loss necessitates the investigation of the long-term results
of glomerular hyperfiltration in children born with congenital
SFK (2, 3). It is very important for the prognosis of patients to
be diagnosed in the early period and to take the necessary
precautions in patients with damage in the solitary functioning
kidney. However, contradictory results, especially hypertension,
are obtained in patients with SFK due to both patient choices
and differences in the methods used (4-7).

In this study, early detection of structural and functional chang-
es in the kidney in children with SFK utilizing glomerular filtra-
tion rate (GFR) as well as proteinuria and 24-hour ambulatory
blood pressure monitoring (ABPM), thus contribute to the pro-
tection of patients from chronic kidney disease process by tak-
ing necessary precautions.

Materials and Methods

In a single-center, retrospective study, the medical records of
67 patients who were followed up with a diagnosis of ITB in the
Division of Pediatric Nephrology at istanbul Medeniyet Univer-
sity School of Medicine between January 2010 and January 2016
were examined. Among these patients, patients with cortical
damage detected in their SFK by DMSA scintigraphy, patients
whose clinical and biochemical data cannot be obtained for
the last 6 months, and whose GFR is <90 mL/min/1.73 m?, those
who have additional urological anomalies that may affect re-
nal function, patients in whom SFK is a part of the syndromic
disease, patients with SFK after nephrectomy performed for
reasons such as a tumor, stones, trauma, infection in the post-
natal period, patients who are hypertensive and using anti-
hypertensive/antiproteinuric drugs, and patients who are not
suitable for in-life blood pressure application were excluded.
The patient group was formed with 42 cases meeting the crite-
ria. The control group was formed with 23 healthy children who
could voluntarily undergo ABPM with the results of biochemis-
try and ultrasonography (US) at their admission to other clin-
ics, who were similar in age and gender, and who did not have
a history of the nephrological disease. The weight and height
measurements and body mass indexes of the patient and con-
trol groups were calculated and SDS calculations were made
according to the charts prepared for Turkish children with the
LMS method (8, 9). In the patient group, the diagnosis of renal
agenesis and multicystic dysplasia was made by abdominal US
examination and the diagnosis was confirmed by DMSA scin-
tigraphy. Renal US examinations of the children in the patient
and control groups were performed in the Aplio 500 Toshiba
(Toshiba Medical Systems, Tokyo, Japan) branded device; with
a 3.5 MHz 6C1 convex probe and 7.5 MHz 11L4 superficial probe.
Kidney long axis was measured taking into account the extreme
distance between the upper and lower poles in coronal sections
passing through the hilus level while lying in a supine or slight-
ly right or slightly left lateral position and was compared with
the 95th percentile values previously determined according to
age and gender (10). Renal size over the 95th percentile (>2SD)
was defined as compensatory hypertrophy. The kidney sizes of
the children in the patient and control groups were compared
to their heights because of the known relationship between
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kidney size and height. Kidney-height index was obtained by
proportioning the size obtained by taking the ITB size for the
patients and the average of the anterior and posterior long
axes of the right and left kidneys (right kidney+left kidney/2) for
the control group; Kidney-Height Index=kidney anteroposterior
long axis (mm)/child’s height (m).

Serum creatinine (mg/dL) measurements were recorded in all
cases, urine microalbumin (mg/L), urine creatinine (mg/dL),
urine 32 microglobulin (ng/mL) were recorded in the patient
group. In the patient group, microalbumin and 2 microglobu-
lin measurements obtained from the second urine in the morn-
ing were proportioned to urine creatinine values, the upper val-
ues of normal were accepted as 30 mg/gr creatinine and 40.7
mg/mol creatinine, respectively. Determination of creatinine in
serum and urine was done by Jaffe’s reaction, urine microalbu-
min determination was done by the turbidimetric method, and
Urine 2 microglobulin measurement was done by micropar-
ticle immunoassay method. Glomerular Filtration Rate (GFR)
was calculated by Schwartz Formula (11).

24-h ABPM was performed for the assessment of blood pres-
sure (BP) in all children in the patient and control groups. Mo-
bil O Graph New Generation 24h ABPM Classic (I.E.M. GmbH;
Stolberg, Germany) branded ABPM device was used in the
study. After the information of the case was recorded, the de-
vice was set to measure automatically every 30 minutes during
the day and every 60 minutes at night with the aid of a cuff
attached to the child’s non-dominant arm for 24 hours. In the
evaluation of in-life blood pressure monitoring measurements,
the number of successful measurements above 80% during the
measurement was considered acceptable. Height-specific SDS
calculations were made with the LMS method of the obtained
data (24-hour, mean for day and night, systolic, diastolic blood
pressures) (12). Blood pressure load values were determined
automatically by the device by proportioning the number of
measurements remaining above the 95" percentile values pre-
viously recorded on the device according fo the gender and
height of the patient to the total number of measurements. Also,
the rate of decrease in systolic and diastolic blood pressure
during sleep was calculated by the device by proportioning the
difference between the mean awake and asleep BP values to
the awake BP values. Hypertension with ABPM was accepted
as 24-hour mean BP above 95th percentile (>1.96 SDS). Mean
BP values between the 90-95th percentile (1.64-1.96 SDS) were
defined as prehypertension (high normal BP) (13).

The families of the patient and control groups in our study were
informed about the study and their consent was obtained.
The study was approved by the istanbul Medeniyet Universi-
ty Géztepe Training and Research Hospital Clinical Research
Ethics Committee on December 1, 2015 with protocol number
2015/0158, following the Declaration of Helsinki.

Statistical Analysis

Statistical Package for Social Sciences program (SPSS) for
Windows version 15.0 (SPSS Inc.; Chicago, IL, USA) software
program was used to evaluate the research data. Whether
the continuous variables were distributed close to normal was
evaluated with the Shapiro-Wilk normality test. Normally dis-
tributed variables were defined as mean * standard deviation
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(SD), categorical data were defined by number and percent-
age (%). Student’s t-test was used in independent groups for
measurements with a normal distribution. Mann-Whitney U
test was used for intergroup examinations that did not conform
to the normal distribution in the examinations. Median val-
ues were taken into account. The Chi-square test was used to
evaluate categorical variables. A P-value of less than 0.05 was
considered statistically significant.

Results

When 42 patients with SFK included in the study were exam-
ined, it was found that 22 had congenital unilateral renal agen-
esis and 20 had multicystic dysplasia. 30 of the patients were
male and the male: female ratio was 2.5. Twenty-four (57%)
patients had left kidney failure. The age of the patients was
14.0£3.0 years and the control group was 13.0+3.1 years. There
was no significant difference between the patient and control
groups in terms of age, gender, and anthropometric measure-
ments (Table 1).

Serum creatinine values were detected as 0.68+0.11 mg/dL in
the patient group and 0.58+0.06 mg/dl| in the control group;
GFR values were found to be 140.9£22.6 mL/min/1.73 m? in the
patient group and 154.0+20.4 mL/min/1.73 m? in the control

Table 1. Comparison of demographic and anthropometric

measurements of patient and control groups

Control (n=23) | Patient (n=42) P
Age, year® 13.0+£3,1 14.0+3,0 0.24
Gender (M/f)° 16/7 30/12 0.88
Weight- SDS® -0.19+1.13 -0.01£1.36 0.43
Height-SDS¢ 0.14+1.19 -0.26+1.08 0.18
BMI-SDS -0.311.13 0.10£1.40 0.15

°t-test, °Chi-Square test, ‘Mann-Whitney U test

Table 2. Comparison of kidney functions and kidney size and
index of patient and control groups

Control (n=23) | Patient (n=49) P
Serum creatinine, 0.58+0.06 0.68+0.11 <0.001
mg/dL
GFR, mL/dk/1.73 154.0:20.4 140.9:22.5 0.023
m2
Kidney Long Axis, 101.6413,7 119.2+15.1 <0.001
mm
Kidney-Height 66+10 77+10 <0.001
Index, mm/m

°t-test

group. A statistically significant difference was found between
the patient and control groups in terms of serum creatinine and
GFR means (P<0.001 and P=0.023, respectively). According to
urinary US measurements, the mean of kidney long axis was
119.2215.1 mm in the patient group and 101.6+13.7 mm in the
control group. A statistically significant difference was found
between the two groups in terms of kidney sizes (P<0.001).
Kidney size was found to be above the 95th percentile (>2 SD)
values in 36 (86%) of the patients, and this result was consid-
ered as compensatory hypertrophy. The kidney-height index
was 77+10 mm/m in the patient group and 66+10 mm/m in the
control group, and there was a significant difference between
the two groups (P<0.001) (Table 2).

When the microalbumin/creatinine and 2 microglobulin/cre-
atinine ratios were evaluated in the second-morning urine in
the patient group, it was found that microalbumin levels were
higher than the limit value in 7 (17%) patients and 32 microglob-
ulin levels were higher than the limit value in 5 (12%) patients.

24-hour, day and night blood pressure measurement values
and SDS values of the patient and control groups accord-
ing to the ABPM measurement results are shown in Table 3.
Twenty-four-hour mean arterial pressure (MAP) values were
88.0+6.0 mm Hg in the patient group and 81.0+4.4 mmHg
in the control group, and a significant difference was found
between the patient and control groups (P<0.001). The 24-
hour MAP-SDS values of the patients were also significantly
higher than the control group (1.06+1.00 versus -0.22+0.65;
P<0.001). According to 24-hour MAP-SDS measurements,
7 (17%) patients’ blood pressure was above 1.96 SDS (>95™
percentile) and these patients were classified as hyperten-
sive. Six patients (14%) had MAP-SDS values in the range
1.64-1.96 (90-95™ percentile) and these patients were con-
sidered prehypertensive. Among the other criteria of in-life
BP follow-up, the number of patients exceeding the limit of
25% of BP burden was 14 patients during the daytime, 20 pa-
tients at nighttime for systolic BP, and 11 patients at daytime
and 8 patients at nighttime for diastolic BP. Daytime systolic
and diastolic BP loads were significantly higher in the patient
group (21.4+20.6 and 17.2+16.8, respectively) compared to the
control group (4.2+3.8 and 4.2+4.5, respectively) (p <0.001 for
both). Nighttime systolic BP burden was significantly higher in
patients (29.6+27.9) compared to the control (12.5+15.4) group
(P=0.041), while no significant difference was found for night-
time diastolic BP. There was also no significant difference in
terms of systolic (8.4+5.2 vs. 8.5+5.3; p=0.68) and diastolic
(13.0£6.3 vs. 14.6+6.6; p=0.29) BP reductions.

Table 3. Comparison of 24-hour ambulatory blood pressure measures of the patient and control groups

Value, mm Hg SDS
Parameter Control n:23 | Patient n:42 P Control n:23 | Patient n:42 P
24-hourMAP 81.0+4.4 88.0+6.0 <0,001 -0.22+0.65 1.06+1.00 <0.001
24-hour SPB 110.5+6.0 113.8+8.0 0,082 -0.53+0.68 0.16+0.99 0.006
24-hour DBP 65.1x4.0 67.4+6.1 0,127 -0.42+0.74 0.03+1.08 0.101
Daytime SBP 114.6+6.7 116.6+8.1 0,340 -0.58+0.73 -0.09+0.98 0.030
Daytime DBP 69.0+4.6 70.1£6.3 0,417 -0.58+0.75 -0.30+1.04 0.313
Nighttime SBP 103.9+5.3 107.0+7.9 0,060 0.13+0.61 0,64+0,85 0.015
Nighttime DBP 58.3+3.1 60.7+5.4 0,069 0.39+0.55 0.81+0.90 0.032
°Mann-Whitney U test; MAP: mean arterial pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure
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Figure 1. Distribution of renal injury markers in our patients
HT, hypertension; MA, microalbuminuria; B2MG, B2 microglobulin

When the renal injury markers of our patients were evaluated
together, it was seen that microalbuminuria in one of or 2 mi-
croglobulinuria accompanied in one of 7 hypertensive patients,
and microalbuminuria and (2 microglobulinuria were found
together in 2 patients. Thus, when the presence of at least one
marker was considered sufficient, it was found that 36% of our
patients had a renal injury (Figure 1).

Discussion

We determined the rate of subclinical renal injury as 36% in
our patients according to proteinuria markers and hyperten-
sion criteria. In the KIMONO study, findings of renal injury were
detected in 32% of children around the age of 10, and it was
shown that renal injury rates increased rapidly after the age
of 15 in patients with mild anomalies in SFK (14). Moreover, it
has been shown that in one-third of the patients in whom renal
injury findings become evident around the age of 15; there are
already significant signs of renal injury before the age of 5 (15).
The proportions in large series are similar to our findings. These
findings emphasize the need for close monitoring of cases with
especially mild renal damage signs starting from an early age.
In such patients, both kidney-protective treatments should be
initiated and they should be carefully protected from nephro-
toxic drugs and agents.

Failure to show expected kidney growth suggests that there
is not enough spare capacity in the assumed healthy SFK and
is considered an independent risk factor for renal injury (15).
Compensatory hypertrophy has been reported in 59-83% of
cases with SFK in different series (6, 15-17). We found relatively
high rates of compensatory hypertrophy in our patient group.
This difference may be due to the difference in single kidney
etiology in the studies. The presence of mild dysplasia and un-
predictable cell capacity in the healthy kidney are important
determinants for the development of hypertrophy in patients
with congenital SFK. Abou Jaoudé et al. (18) found that renal
functions were better preserved in patients with congenital SFK
than in patients with a single kidney, and they attributed this
result to the potential of congenital SFK to demonstrate better
functional adaptation. A rapid decrease in GFR is observed in
patients with Wilms tumor after nephrectomy and compensa-
tory hypertrophy rates in these patients are less than patients
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with congenital SFK. While there is only hypertrophy due fo low
mitotic activity in SFK that forms with vested reasons, it contrib-
utes to hyperplasia and compensation in cellular proliferation
as well as hypertrophy in congenital SFK (18). Indeed, the warn-
ing of compensatory hypertrophy in fetal life begins very early
in patients with congenital agenesis (3). Thus, the high rate of
development of compensatory hypertrophy in our patients may
also be due to the congenital SFK in all of our patients.

When the long-term clinical course of adult patients was ex-
amined, it was found that dialysis may be required in some pa-
tients with the risk of severe renal failure, as well as proteinuria
and hypertension (19, 20). It is a well-known condition that GFR
can still be detected normally in the early stages of chronic kid-
ney disease (21). Microalbuminurig, first shown in patients with
diabetes, is interpreted as the earliest marker of glomerular
hyperfiltration damage in patients with SFK (22). The rates of
microalbuminuria, which were found to be 12-18% in different
series of random urine samples, were consistent with our series
(5, 14, 18, 23). These rates show that microalbuminuria screen-
ing should be started from a young age in the case of congen-
ital renal agenesis.

On the other hand, considering that hyperfiltration injury caus-
es early damage to the proximal tubules, tubular proteinuria,
as well as microalbuminuria, may be a good marker for early
renal injury. In our patient group, 5 children (12%) had high-
er B2 microglobulin values. Moreover, microalbumin levels in
urine were normal in 3 of these patients. Stefanowicz et al. (21)
found high levels of 32 microglobulin in only 3 patients in a se-
ries who received chemotherapy and nephrectomy for Wilms’
tumor. When comparing the same group with patients with uni-
lateral renal agenesis, they showed that urine 2 microglobulin
levels were similar to those of Wilms tumor patients who had
undergone chemotherapy (23). Thus, the monitoring of tubular
proteinuria, independent of the primary etiology, together with
microalbumin in urine, which represents the onset of hyperfil-
tration damage in the early period, may also contribute to the
evaluation of the development of renal injury.

Hypertension is the main marker of early glomerular hyperfil-
tration-induced renal damage in patients with a solitary func-
tioning kidney (15). In-life BP monitoring is now considered the
gold standard in the diagnosis and management of hyperten-
sion in children (24). Quite different results were obtained in
previous studies with ABPM in patients with a solitary function-
ing kidney. Although some researchers did not find a difference
in blood pressure values compared to the control group (5, 6),
in other studies, BP values determined by ABPM were found to
be significantly higher in children with congenital SFK (7, 16).
Dursun et al. (17) could not show a difference in BP values com-
pared to the control group but found an inverse relationship
between 24-hour MAP-SDS and healthy kidney size. We found
significant differences in ABPM criteria in our patient group
when compared with healthy children. Moreover, during the
outpatient clinic follow-ups, all of our patients’ blood pressures
were evaluated as normal by office measurements. Thus, when
the results obtained with ABPM were evaluated, we found
masked hypertension in 7 patients. In the KIMONO study, one
out of every five children with SFK was found to be hypertensive
with ABPM (15). Westland et al. (16) found that blood pressure
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was above the 90th percentile in one of every 3 patients with
SFK together with prehypertensive patients. In our study, 17%
of our patients were found to be hypertensive and 14% prehy-
pertensive, according to the 24-hour mean arterial pressure.
Thus, more than 30% of our patients had blood pressure above
the 90th percentile. While antihypertensive therapy was initi-
ated in patients diagnosed with hypertension, prehypertensive
patients were followed up by recommending lifestyle changes.
The early detection of masked hypertension, which poses a risk
for target organ damage, emphasizes both the superiority of
ABPM over office measurements and the importance of per-
forming blood pressure monitoring with ABPM in the group
with SFK. This study contains several limitations despite the sig-
nificant results found. On the other hand, analyzes that do not
reach a significant level in our blood pressure data may also
be due to the small sample size. Evaluating prospective and
simultaneously repeated data with a higher number of cases
could provide us with more reliable results. Also, the decision
of high 2 microglobulin level in urine with a single measure-
ment can be criticized. Indeed, recent infections or nephrotox-
ic agents such as analgesics may have temporarily affected
tubular functions. However, the fact that other markers were
found to be high in 3 of 5 patients supports the view that tubular
functions may be affected in patients with SFK.

As a result, this study showed that children with SFK are at risk
for renal injury due to glomerular hyperfiltration. Even patients
with compensated functional kidneys may show signs of renal
damage in their early lives. Therefore, patients with SFK should
be followed closely in terms of proteinuria, and hypertension
with ABPM, as well as GFR measurements.
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