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Abstract

Objectives: The aim of this study was to evaluate tubular functions of posterior urethral valve patients with preserved glomerular
functions.
Methods: A total of 25 children (ages 1 - 18) who underwent surgery for PUV and had an estimated glomerular filtration rate ≥
90 mL/min per 1.73 m2 on long term follow-up and age-matched 25 healthy controls were enrolled. Blood and urine samples were
collected to assess electrolyte reabsorption, proteinuria, enzymuria, urine acidification and concentration.
Results: Even though microalbumin/creatinine ratio was higher in the patient group [1.00 (1.98) vs 0.31 (0.34) mg/gr creatinine, P
= 0.005] none of the subjects had enzymuria, overt proteinuria or hyperphosphaturia. Serum bicarbonate levels were lower and
urinary pH higher in patients than the controls (23.2± 2.1 vs. 24.6± 1.9 mmol/L, P = 0.028 and 6.24±0.77 vs. 5.60±0.64, P = 0.004);
furthermore, patients had lower urinary osmolality and density (525 ± 214 vs. 743 ± 194 mOsm/L, P = 0.001 and 1011 ± 5.0 vs. 1016
± 6.8, P = 0.005). When patients were compared among themselves according to presence or absence of renal scarring and when
patients without renal scars were compared to healthy controls, similar findings persisted.
Conclusions: This study showed that during long-term follow-up of posterior urethral valve patients with normal glomerular fil-
tration rates, even though proximal tubular functions do not seem to be impaired, acidification and concentration defects exist
indicating distal tubulopathy.
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1. Background

In patients with posterior urethral valve (PUV), the
prevalence of progression to end stage kidney disease
(ESKD) is reported as 30% - 42% (1, 2). This degradation
in renal function could be caused by many factors includ-
ing primary renal dysplasia, secondary effects of the ob-
struction of urinary flow occurring in the early phases of
nephrogenesis on fetal kidney, postnatal urinary tract in-
fections (UTIs) and bladder dysfunction (3, 4). Most pa-
tients progressing to ESKD in the first year of life are those
with renal dysplasia and those who were diagnosed in the
early phases of gestation. Even though other patients’ re-
nal functions seem to be normal in the first year of life, an
increasing number of patients were observed to progress
to ESKD during follow-up period (5).

Patients treated for PUV are usually followed-up with
serum levels of urea, creatinine and cystatin C, ultrasonog-
raphy findings and bladder functions. Parameters of tubu-
lar function are often neglected.

2. Objectives

The aim of this study was to evaluate renal tubular in
patients with PUV who underwent surgical intervention
and are characterized by preserved glomerular function.

3. Methods

3.1. Study Population
For this cross-sectional single-center study, 60 patients

with PUV who were treated by surgery and followed-
up in Istanbul University Cerrahpasa Faculty of Medicine
were screened. Inclusion criteria were as follows: (i) pa-
tients aged between 1 and 18 years, (ii) patients who were
followed-up for at least 6 months after the operation, (iii)
patients who had an estimated glomerular filtration rate
(GFR) greater than 90 mL/min per 1.73m2. Patients who had
an active urinary tract infection at the time of study were
excluded.

The demographic data of the study population, ages
at the time of diagnosis and operation, and list of medica-
tions were recorded from the patients’ files.

Copyright © 2019, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

http://ijp.tums.pub
http://dx.doi.org/10.5812/ijp.88804
https://crossmark.crossref.org/dialog/?doi=10.5812/ijp.88804&domain=pdf
https://orcid.org/0000-0002-4225-4143


Alp Unkar Z et al.

3.2. Radiologic and Nuclear Assessment

Ultrasound (US) reports were reviewed and the pres-
ence of hydronephrosis or hydroureteronephrosis was
recorded. Antero-posterior diameter (APD) of renal pelvis
> 10 mm was defined as hydronephrosis. Existence of a
ureter diameter of ≥ 4 mm was accepted as significant
dilatation. The coexistence of vesicoureteral reflux (VUR)
was noted from the cystometric assessments. Renal corti-
cal damage or scarring was defined as focal parenchymal
thinning or as a defect in renal contour or an area of pho-
ton deficiency on current dimercaptosuccinic acid (DMSA)
scintigraphies.

3.3. Laboratory Assessment

Venous blood samples after an overnight fast were ob-
tained from all patients and controls. Routine biochemical
and blood gas parameters were examined in venous blood
samples. Additionally, plasma was separated and stored at
-80°C for the measurement of cystatin-C. Plasma cystatin-
C concentrations (mg/L) were measured by nephelometric
method. Both updated Schwartz formula (5) and cystatin-C
based equation (6) were used to estimate GFR.

First-morning urine samples were collected by mid-
stream voiding, or by urethral catheters in patients who
practice clean-intermittent catheterization. For non-toilet
trained patients, a fresh bag urine specimen was used
for urine tests. Urine samples were used for the mea-
surements of routine urinalysis, pH, specific gravity, os-
molality, creatinine (Cr), sodium (Na), potassium (K), cal-
cium (Ca), phosphorus (P), chloride (Cl) and uric acid (UA).
Ratio of calcium to creatinine (Ca/Cr) and uric acid to
creatinine (UA/Cr), fractional Na excretion (FENa), trans-
tubular potassium gradient (TTKG) and ratio of tubular
maximum phosphate reabsorption to glomerular filtra-
tion rate (TmP/GFR) were calculated.

Urine specimens were also stored at -80°C for the
measurements of urinary microalbumin (MA), β2-
microglobulin (β2M), retinol binding protein (RBP),
N-acetyl-β-D-glucosaminidase (NAG) and cystatin-C. Uri-
nary MA was measured using auto analyzer. Urinary β2M
and RBP concentrations were measured by nephelometric
method and urinary NAG concentrations were analyzed
by spectrophotometric method. All these urinary mark-
ers were assessed by their ratio to urinary creatinine
concentration.

3.4. Statistical Analysis

SPSS 22.0 software for Windows was used for statistical
analyses. Categorical variables were presented as a num-
ber (percentages) and the chi-square test was used to com-
pare two categorical variables. Continuous data were ex-
pressed as mean ± standard deviation (SD) or as median
(interquartile range - IQR). Mann-Whitney U test was used

for the comparisons of the continuous variables between
the two groups. A P value < 0.05 was considered indicative
of statistical significance in all tests.

4. Results

Twenty-five patients with a median age of 5.5 (IQR: 8.5)
years and a median follow-up period of 37 (IQR: 64) months
were ultimately enrolled in the study (patient group) and
the control group consisted of 25 age-matched healthy
boys. Fifteen patients (60%) were antenatally diagnosed
and operated at median age of 1.03 (2.0) months. For the
postnatally diagnosed patients, median age at the time
of surgery was 44.5 (IQR: 61.4) months. Seven patients
were on prophylactic antibiotic therapy, 3 patients were
receiving anti-cholinergic treatment and 5 patients were
on both prophylaxis and anti-cholinergic therapy. Ten pa-
tients were not receiving any treatment.

Eleven (44%) patients had bilateral and 5 (20%) unilat-
eral hydronephrosis/hydro-ureteronephrosis on the ultra-
sonographic examination. Nine (36%) patients had VUR,
ten (40%) patients had renal scarring on DMSA scintigra-
phies and three (12%) patients had single functional kidney.

4.1. Laboratory Findings

Serum biochemical parameters, except for level of
serum bicarbonate (HCO3) which was lower in the patient
group (P = 0.028), did not differ between the patients and
healthy controls (Table 1). Patients had significantly lower
urinary density and osmolality, and higher urinary pH
compared to healthy controls (Table 2). None of the pa-
tients or controls showed glucosuria or proteinuria in the
dipstick test. Even though mean urinary MA/Cr level was
significantly higher in patients than those in healthy con-
trols (P = 0.005), none of the patients showed microalbu-
minuria (30 - 300 mg/g Cr). Urinary NAG/Cr did not differ
between the patient and control groups. While only one
patient had a high level of urinary β2M (> 7.25 mg/L, nor-
mal value: < 0.23 mg/L), none of the patients or controls
showed increased level of urinary RBP.

Parameters of the patients with operated PUV who
had normal DMSA scintigraphies and cortical irregulari-
ties were compared (Table 3). The three patients who had
single functional kidney were excluded from this compar-
ison. There was not any statistically significant difference
between the results of the patients with and without re-
nal cortical scarring. On the other hand, when the patients
with normal renal cortical appearance were compared to
healthy controls, the patients had significantly lower uri-
nary density and osmolarity, and higher MA/Cr levels (Table
4).
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Table 1. Serum Biochemical Findings of the Study Groups

Healthy Controls Patients with PUV P Value

Creatinine, mg/dL 0.48 ± 0.13 0.47 ± 0.15 0.39

eGFRa , mL/min/1.73m2 119 ± 26 109 ± 19 0.18

Cystatin-C, mg/L 0.69 ± 0.13 0.74 ± 0.23 0.63

eGFRb , mL/min/1.73m2 103 ± 21 102 ± 31 0.63

Sodium, mmol/L 140 ± 1.7 139 ± 2.3 0.18

Potassium, mmol/L 4.4 ± 0.45 4.5 ± 0.60 0.97

Chloride, mmol/L 103 ± 2.3 103 ± 2.4 0.58

Calcium, mmol/L 9.2 ± 0.6 9.4 ± 0.4 0.27

Phosphorus, mmol/L 4.9 ± 0.7 4.7 ± 0.7 0.66

pH 7.37 ± 0.03 7.37 ± 0.06 0.57

HCO3 , mmol/L 24.6 ± 1.9 23.2 ± 2.1 0.028

Osmolality, mOsm/kg 290 ± 4.44 288 ± 7.08 0.32

aeGFR based on serum creatinine.
beGFR based on serum cystatin-C.

Table 2. Urinary Findings of the Study Groups

Healthy Controls Patients with PUV P Value

Density 1016 ± 6.9 1011 ± 5.0 0.005

Osmolality,
mOsm/L

743 ± 194 525 ± 214 0.001

pH 5.60 ± 0.65 6.24 ± 0.77 0.004

FENa, %a 0.60 (0.74) 0.58 (0.49) 0.76

TTKGa 6.64 (4.4) 5.87 (4.4) 0.59

Ca/Cr, mg/mga 0.05 (0.08) 0.06 (0.09) 0.98

TmP/GFR 4.63 ± 0.71 4.29 ± 0.63 0.16

Uricasid/GFR 0.26 ± 0.08 0.30 ± 0.10 0.16

NAG/Cr, U/mga 0.23 (0.22) 0.27 (0.26) 0.48

MA/Cr, mg/gr Cra 0.31 (0.34) 1.00 (1.98) 0.005

Abbreviations: FENa, fractional Na excretion; MA, microalbumin; NAG, N-
acetyl-β-D-glucosaminidase; TmP, tubular maximum phosphate reabsorption;
TTKG, trans-tubular potassium gradient.
aValues are expressed as median (IQR).

5. Discussion

In this study conducted with operated PUV disease
patients whose eGFRs were greater than 90 mL/min per
1.73m2, we found that serum HCO3, urinary pH, osmolal-
ity, density and MA/Cr ratios were significantly different
among study and control groups. Other tests, especially
those for tubular proteinuria, were inconclusive.

Regarding the fact that distal tubule, whose main func-
tions are concentration and acidification of urine (7, 8), is
the first “front” facing the insult of retrograde urinary flow
in the intrauterine period, it would be logical to state that

this part would also be the first and most affected structure
in a nephron in PUV disease (4, 9, 10). Consistent with this
statement, our study group’s mean urinary pH was lower,
and mean density and osmolality values were higher than
the means of the control group. Even though these pa-
tients do not seem to be in the process of ESKD, these re-
sults show that on cellular level a functional deterioration
has begun in the distal part pf the nephron; which, in the
future, might progress proximally causing general degra-
dation in renal function.

Distal renal tubular acidosis (dRTA) in patients with ab-
lated PUVs has been researched in detail by Sharma et al
(11-13). Their researches encompass all the patients who un-
derwent surgery for PUV, disregarding their GFRs; and their
follow-up duration after the surgery was shorter than that
of our patients.

There have been studies inquiring for proteinuria in
PUV patients (14, 15); however, in these studies majority of
the patients either had ESKD or elevated Cr and cystatin-C
levels depicting a decrease in GFRs and therefore rendering
it infeasible to name the source of proteinuria as glomeru-
lar or tubular. In our study, even though MA/Cr ratios were
within normal reference range (16) in all cases, the differ-
ence between study and control groups was statistically
significant, the former’s ratio being higher. Considering
that reabsorption of albumin from the glomerular filtrate
is a function of the proximal tubule (17), while there were
not any patients in our study group whose urine MA/Cr ra-
tios were within microalbuminuria range, the significant
increase in this ratio in the study group may be an early
indicator of proximal tubular dysfunction in PUV patients
with normal glomerular function.
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Table 3. Serum Biochemical Findings of Controls Versus Patients with Normal DMSA Scintigraphy

Healthy Controls Normal Scintigraphy P Value

Creatinine, mg/dL 0.48 ± 0.13 0.48 ± 0.17 0.53

eGFRa , mL/min/1.73m2 119 ± 26 111 ± 21 0.41

Cystatin-C, mg/L 0.69 ± 0.13 0.74 ± 0.23 0.64

eGFRb , mL/min/1.73m2 103 ± 21 102 ± 32 0.64

Sodium, mmol/L 140 ± 1.7 139 ± 1.48 0.15

Potassium, mmol/L 4.4 ± 0.45 4.51 ± 0.37 0.60

Chloride, mmol/L 103 ± 2.3 102 ± 1.71 0.15

Calcium, mmol/L 9.2 ± 0.6 9.4 ± 0.4 0.53

Phosphorus, mmol/L 4.9 ± 0.7 5.0 ± 0.8 0.41

pH 7.37 ± 0.03 7.38 ± 0.24 0.41

HCO3 , mmol/L 24.6 ± 1.9 23.6 ± 2.1 0.14

Osmolality, mOsm/kg 290 ± 4.44 288 ± 4.44 0.31

aeGFR based on serum creatinine.
beGFR based on serum cystatin-C.

Table 4. Urinary Findings of Controls Versus Patients with Normal DMSA Scintigra-
phy

Healthy Controls Normal
Scintigraphy

P Value

Density 1016 ± 6.9 1011 ± 4.8 0.038

Osmolality,
mOsm/L

743 ± 194 548 ± 229 0.010

pH 5.60 ± 0.65 6.09 ± 0.90 0.14

FENa, % 0.60 (0.74)a 0.67 ± 0.11 0.99

TTKG 6.64 (4.4)a 6.68 ± 2.89 0.99

Ca/Cr, mg/mga 0.05 (0.08) 0.07 (0.10) 0.79

TmP/GFR 4.63 ± 0.71 4.50 ± 0.63 0.89

Uricasid/GFR 0.26 ± 0.08 0.32 ± 0.09 0.12

NAG/Cr, U/mga 0.23 (0.22) 0.29 (0.47) 0.38

MA/Cr, mg/gr Cra 0.31 (0.34) 1.11 (1.98) 0.004

Abbreviations: FENa, fractional Na excretion; MA, microalbumin; NAG, N-
acetyl-β-D-glucosaminidase; TmP, tubular maximum phosphate reabsorption;
TTKG, trans-tubular potassium gradient.
aValues are expressed as median (IQR).

In our study, proteinuria was also assessed by urinary
RBP, β2M levels and NAG/Cr ratio. The results for all three
parameters were within the normal range and there were
no statistically significant differences among patient and
healthy groups. There are no studies in literature evaluat-
ing these parameters of PUV patients in postnatal period;
however, there are studies showing increased urinary ex-
cretion of β2M and NAG in other obstructive uropathies,
especially ureteropelvic junction obstructions (18, 19).

Comparisons within the patient group itself (scar ver-

sus no scar on DMSA scintigraphy), and patients without
cortical scar versus healthy controls were done to inquire
whether visible renal parenchymal damage was associated
with tubular functions or not. The findings suggest that, al-
though renal cortical imaging is normal, functional tubu-
lar disorders persist even after a long period of time has
passed since valve ablation in patients with PUV.

The strength of our study is that it encompasses a
very specific group of patients with preserved glomeru-
lar function who are not in the process of progression to
ESKD. Even though glomerular function was normal, test
results were significant for distal tubulopathy, providing
a clearer vision for the follow-up of these patients. More-
over, according to comparisons between control group,
and patients with cortical scars and those without scars,
it was demonstrated that cortical scarring cannot predict
the degradation of tubular function. The greatest limita-
tion of our study was the low number of patients. Even
though the initial number of our patients was 60, in the
end only 25 were eligible for the study. Researches with
larger groups of patients are necessary for more accurate
results. Another limitation is that our research was de-
signed as a cross-sectional and observational study, disal-
lowing any intervention. Therefore, even though ammo-
nium chloride load test would have allowed us to distin-
guish complete and incomplete dRTA cases (20), it was not
undertaken. As for proximal tubulopathy, except for MA/Cr
ratio tests for proximal tubule function were inconclusive.
The statistically significant difference between the study
and control groups would, by itself, be inadequate to prove
the presence of proximal tubulopathy as it was not sup-
ported by increased urinary excretion of RBP orβ2M. With
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larger study and control groups, these tests could yield
more conclusive results.

In conclusion, our study shows that degradation in
glomerular function (tests used more commonly during
follow-up) or renal scarring are not necessary for the devel-
opment of tubulopathies. Even if the data acquired is inad-
equate to confirm the presence of proximal tubulopathy,
the development of distal tubulopathy is evident. Long-
term evaluation of the same study group may result in sev-
eral patients’ progression to ESKD; therefore, providing pa-
rameters to predict disease progress. Even though MA lev-
els were within normal range in both groups, MA/Cr ra-
tio was the only significantly different parameter in our
study which might be indicating the beginning of proxi-
mal tubular damage, making this ratio a promising param-
eter to pursue in the studies to come.
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