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Assessment of renal functions with different
glomerular filtration rate formulas in children
with acute exposure of mercury

Akut civa maruziyeti olan ¢ocuklarda renal fonksiyonlarin farkli glomeriiler fitrasyon hizi

formiilleriyle degerlendirilmesi

Abstract: Objective: Our aim was to determine whether
cystatin C level has a superiority to creatinine to assess
kidney functions in rapid decreases of glomerular filtra-
tion rate due to acute mercury exposure in children. Eight
different glomerular filtration rate calculation formulas
which have been used creatinine and/or cystatin C were
also compared.

Methods: Serum urea, creatinine and cystatin C values of
39 mercury exposed children were measured. Glomerular
filtration rates were calculated by eight different formulas.
Patient group was divided into three subgroups according
to mercury levels.

Results: Cystatin C and mercury levels of the patients were
found significantly different from control group (p<0.001).
There was not a significant difference in creatinine and
urea values between two groups (p=0.913, p=0.236).
There was not a significant difference between patient
and control groups in GFR calculations which have been
used serum creatinine and height or which have been
used urea additional to them (p=0.069, p=0.559, p=0.424,
p=0.945, respectively), but there was a significant differ-
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ence between patient and control groups in GFR calcula-
tions which have been used cystatin C only or creatinine,
urea and height in addition to this (p<0.001, p<0.001,
p=0.042, p<0.001, respectively). In sugroup analysis, cys-
tatin C results and the results of three GFR calculations
of four GFR calculations which were used cystatin C were
found different in control group according to subgroups
but there was not a difference between subgroups.

Conclusion: Cystatin C level is a better indicator than
creatinine to assess kidney functions in rapid decreases
of glomerular filtration rate due to acute exposure of
mercury. Formulas using cystatin C gave better results
than formulas using creatinine and height in estimation
of glomerular filtration rate.

Keywords: Mercury, cystatin C, creatinine, acute renal
damage, glomerular filtration rate
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kreatinine {istiin olup olmadigini belirlemeyi amacladik.
Ayrica kreatinin ve/veya sistatin C kullanilan 8 ayr1 glo-
merular filtrasyon hizi hesaplama formiiliinii birbiriyle
karsilastirdik.

Metod: Civa maruziyeti yasayan 39 cocugun serum iire,
kreatinin ve sistatin C diizeyleri 6l¢iildii. Glomerular filt-
rasyon hizi 8 farkli formiille hesaplandi. Hasta grubu civa
seviyelerine gore ii¢ subgruba béliindii.

Bulgular: Hastalarin sistatin C ve civa diizeyleri kontrol
grubundan anlamli olarak farkli bulundu (p<0.001). Kre-
atinin ve iire acisindan iki grup arasinda anlamli bir fark
bulunmadi (p=0.913, p=0.236). Serum kreatinini ve boy
kullanilarak veya bunlara ilaveten {ire degerleri kullanila-
rak yapilan GFR hesaplamalarinda hasta ve kontrol grup-
lar1 arasinda anlaml bir fark yokken (sirasiyla, p=0.069,
p=0.559, p=0.424, p=0.945 ), yalnizca sistatin C veya buna
ek olarak kreatinin, iire ve boyun kullanildig1 GFR hesap-
lamalarinda hasta ve kontrol gruplar1 arasinda anlamli bir
fark vardi (sirasiyla, p<0.001, p<0.001, p=0.042, p<0.001).
Subgrup analizinde sistatin C sonuclarn ile sistatin C
kullanilarak hesaplanan dért GFR hesaplamasindan {i¢
tanesine ait sonuclar kontrol grubunda subgruplara gore
farkli bulunurken subgruplar arasinda farkli bulunmadi.

Sonug: Akut maruziyetlere bagh hizli glomeriiler fitras-
yon hizi azalmalarinda sistatin C diizeyi b&brek fonksi-
yonlarini degerlendirme acgisindan kreatinine iistiindiir.
Sistatin C kullanilarak olusturulan formiiller glomeriiler
filtrasyon hizini belirlemede kreatinin ve boy uzunlugu
kullanilarak olusturulan formiillere kiyasla daha iyi
sonuc vermektedir.

Anahtar Kelimeler: Civa, sistatin C, kreatinin, akut bobrek
hasari, glomeriiler fitrasyon hizi
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Introduction

Mercury, which exists as organic and inorganic forms, is a
well-known heavy metal because of its toxic properties [1].
Besides occupational exposure, many other types of expo-
sure have been reported in the literature [2-5]. Spills or
crashing of mercury-containing materials have been seen
many times, especially in school environment because of
its attractive properties [6].
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Although metallic mercury has been demonstrated
to affect renal system primarily, there are many scientific
reports or studies about its effects on many physiological
systems, especially central nerve system [7-9].

The accurate calculation of glomerular filtration rate
(GFR) is essential in the evaluation of renal functions.
The usage of exogenous substances is not accepted to
be practical in the calculation of “true” GFR, especially
in ages of childhood. Although creatinine is the most
frequent preferred biomarker in the calculation, many
studies still try to find its alternative because of its weak
properties that is easily affected from personal factors.
Cystatin C is known to be a better biomarker presenting
GFR because of its accuracy, even in changing individual
factors [10-15].

While acute and high level exposure to toxic metals
causes acute GFR changes, chronic and low level expo-
sures can lead to mild clinical manifestations, which is
really obscure that can prevent the accurate diagnosis.
In these conditions, Cyctatin C seems to be a better bio-
marker than creatinine. The studies aiming the most accu-
rate calculation of GFR are still continuing in scientific
area [16-18].

There are generated formulas calculating GFR in
children using serum creatinine and/or cystatin C con-
centrations. A few of these are formulas of Schwartz,
Counahan, Filler, Zappitelli and collaborates [19]. As
well as these formulas, KDIGO (Kidney Disease Improv-
ing Global Outcomes) 2012 Clinical Practice Guideline
has suggested three pediatric GFR estimating equa-
tions [20]. (Table 1).

In this study we aimed to determine whether cysta-
tin C level has a superiority to creatinine to assess kidney
functions in rapid decreases of glomerular filtration rate
due to acute mercury exposure in children. Eight differ-
ent glomerular filtration rate calculation formulas which
have been used creatinine and/or cystatin C were also
compared.

Materials and Methods

Study population

In this retrospective study we evealuted 39 children who
were exposed to metallic mercury that has spilled on the
floor via inhalation approximately 45 minutes. The patient
group was composed of 15 girls and 24 boys. Mean age was
12.93+0.70 years for girls and 12.78+0.85 years for boys. In
the patients’ records, symptoms were reported as head-
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Table 1: Formulas used in GFR calculations.

Reference Formula Type
Shwartz et al. [Kxheight]/serum creatinine (GFRshw1)
Shwartz et al. 39.1 [height/serum creatinine]®*'¢x[1.8/cystatin C]2*x[30/BUN]%1¢*x1.099]m[height/1.4]°18¢ (GFRshw2)
Counahan et al. 43.00 [height/serum creatinine] (GFRcou)
Filler et al. 91.62 [1/cystatin C]*123 (GFRfill)
Zappitelli et al. 43.82 [1/cystatin C]>¢**[1/serum creatinine]®>*7 [1/35heish] (GFRzapp)
KDIGO2012 41.3 (height/SCr) (GFRkdigo1)
KDIG02012 40.7 (height/SCr)®¢4x(30/BUN)°-20? (GFRkdigo2)
KDIG02012 70.69 (SCysC)0931 (GFRkdigo3)

GFR: mL/dk/1.73m?; K: 0.55 for girls, 0.70 for boys; height: meter, serum creatinine: mg/dL; blood urea nitrogen: mg/dL; cystatin C: mg/L.

ache, nausea, mid-dilated pupils and peripheral neuropa-
thy. Patients were treated with 2,3-dimercaptopropanesul-
fonic acid (DMPS). The test results belong to 30 children,
who referred to the hospital at the same period for routine
examination were used as control data.

Patient group was divided into three subgroups
according to mercury concentrations (Group 1: 10-20 ug/L,
group 2: 20-30 ug/L, group 3: >30 ug/L).

The following data were extracted from the hospital
database and patients’ records: spot urine mercury, serum
creatinine, cystatin C and urea levels, age, height and
weight.

The study was approved by the Ethical Committee of
Ankara Numune Education and Research Hospital and
verbal informed consent was obtained from all patients.

Methods

Blood and urine samples were collected from patients
who referred to the hospital in the morning. All samples
were analyzed in the same day. Blood samples were drawn
to 16x100 mm tubes with red caps not containing gel (BD
Vacutainer). After at least 30 minutes incubation, the spec-
imens were centrifuged at 1500xg for ten minutes. Serum
creatinine levels were studied by enzymatic method and
urea levels were studied by colorimetric method with
Vitros 5.1 FS device (Ortho-Clinical Diagnostics, Roches-
ter NY). Serum cystatin C levels were studied by particule
surface expanded immunoturbidimetric method with
Roche P 800 moduler device (Roche Diagnostics, Mann-
hein, Germany).

Serum creatinine method was traceable to a gas chro-
matography isotope dilution mass spectrometry (GC/
IDMS) method and National Institute of Standards and
Technology (NIST) SRM 914 creatinine standard refer-
ence material. Serum cystatin C method was standardized
against an in-house reference preparation of pure recom-

binant human cystatin C. The cystatin C concentration of
this reference preparation was established by dry mass
determination as described in Bilrup-Jensen reference.

Mercury levels were determined in morning spot urine
samples using Inductively Coupled Plasma Mass Spec-
trometry (ICP-MS) (Agilent 7700 series, Tokyo, Japan).
Urine samples were collected in sterile plastic pots and
then diluted 1 in 10 with 5% nitric acid solution. Standard
solution of mercury was prepared by dilution of certi-
fied standard solutions (High Purity Standards, Charles-
ton, SC, USA). Two levels quality control materials were
used (Seronorm, Billingstad, Norway). Internal standard
which was diluted 1/200 was containing bismuth, ger-
manium, indium, lithium, lutetium, rhodium, scandium,
and terbium. The mercury calibration curve ranged from
0 to 100 pg/L. Limit of detection and Limit of quantifica-
tion were 0.02 and 0.1 pg/L respectively, Relative Standard
Deviation % of measurements was 5.6.

Statistical Analysis

Statistical analysis of data was made by using SPSS
(Version 15.0) (SPSS Inc, Chicago, IL, USA) package
program. Coherence to normal distribution analysis was
made by using Kolmogorov-Smirnov test. Values were pre-
sented as meantSD or in the case of non-normally distrib-
uted data, as median (25"-75" percentiles). The presence
of a statistically significant difference between the groups
in terms of continuous variables was examined with Stu-
dent’s T test for parametric variables and Mann-Whitney
U test for non-parametric variables. Subgroup analyses
were done by one-way ANOVA followed by Tukey analysis
for parametric variables. Nonparametric analysis was con-
ducted using the Kruskal-Wallis test. Gender-specific dif-
ferences on measured and calculated values were exam-
ined using the Chi-square test. All results were accepted
statistically significant for p<0.05.
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Table 2: Comparison of control group data and patient group data.
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Control group (n=30) Patient group (n=39) Pvalue
Mercury (ug/L) 3.90 (0.02-6.08) 22.95(10.50-57) <0.001
Creatinine (mg/dL) 0.60 (0.40-0.70) 0.50 (0.40-0.70) 0.913
Urea (mg/dL) 23.54(19.26-38.52) 25.68 (17.12-47.08) 0.236
Cystatin C (mg/L) 0.89x0.13 1.09£0.12 <0.001
GFRshw1 (mL/dk/1.73m?) 162.24 (126-214) 171.24 (124-221) 0.069
GFRcou (mL/dk/1.73m?) 118.25 (98-165) 129.2 (96-165) 0.559
GFRfill (mL/dk/1.73m?) 107.14x14.57 83.91+10.34 <0.001
GFRzapp (mL/dk/1.73m?) 106.61+12.27 94.03+11.66 <0.001
GFRshw2 (mL/dk/1.73m?) 103.78+11.83 99.33+9.02 0.042
GFRkdigo1(mL/dk/1.73m?) 113 (94-158) 123 (92-159) 0.424
GFRkdigo2(mL/dk/1.73m?) 96.49+11.97 96.31+10.41 0.945
GFRkdigo3(mL/dk/1.73m?) 79.43%9.6 65+6.7 <0.001
Age (years) 12.21+0.96 12.85+0.77 0.002
Height (cm) 152.93+6.60 157.33+6.02 0.005
Weight (kg) 43.8+8.60 42.6x7.50 0.560

The data are given as median (25"-75" percentiles) or MeanSD.

Results

Median mercury concentrations of patient and control
groups were 21.96 (11.25-116.9) and 2.61 (0.04-7.3) mg/g
creatinine, respectively. Median urea concentration were
23.54 (19.26-38.52) mg/dL or 8.40 (6.87-13.75) mmol/L for
control group, 25.68 (17.12-47.08) mg/dL or 9.16 (6.11-16.80)
mmol/L for patient group. Median creatinine concentra-
tions of control and patient groups were 53.04 (35.36-
61.88) pmol/L and 44.2 (35.36-61.88) pumol/L, respec-
tively. Mean and median values belonging to patient and
control groups were given in Table 2.

The mean cystatin C values of control and patient
groups were 0.89+0.13 mg/L and 1.09:0.12 mg/L
(66.6+9.73 nmol/L and 81.6+8.98 nmol/L, respectively)
respectively (p<0.001) (Figure 1). There was no signif-
icant difference between two groups in terms of creati-
nine and urea values (p=0.913, p=0.236).

In GFR calculations using GFRfill, GFRzapp,
GFRshw2 and GFRkdigo3 equations, significant differ-
ence was determined between results of control and
patient groups (p<0.001, p<0.001, p=0.042, p<0.001,
respectively). In GFR calculations using GFRshwl,
GFRcou, GFRkdigol and GFRkdigo2 equations import-
ant significant difference was not determined between
results of control and patient groups (p=0.069, p=0.559,
p=0.424, p=0.945, respectively).

In the subgroup analysis there was not a signifi-
cant difference between control group and subgoups for
creatinine, urea, GFRshwl, GFRcou, GFRshw2, GFRk-
digol and GFRkdigo2 values (p=0.884, p=0.665, p=0.334

p=0.716 p=0.242, p=0.762, p=0.984, respectively). In all
subgroups, cystatin C values were found to be higher
than the control group, GFRfill, GFRzapp and GFRkdigo3
values were found to be lower than the control group
(p<0.001, p<0.001, p=0.001, p<0.001, respectively),
however, there was not a significant difference between
the subgroups (Table 3).

According to Chi-square test it was determined that
gender had no effect on parameters of mercury, cre-
atinine, urea, cystatin C, GFRshwl, GFRcou, GFRfill,
GFRzapp, GFRshw2, GFRkdigol GFRkdigo2 and GFRk-
digo3 (p=0.471, p=0.726, p=0.808, p=0.482, p=0.238,
p=0.674, p=0.528, p=0.470. p=0.443, p=0.250, p=656,
p=454 respectively).

1.40+
p<0.001

1.201

1.001

cystatinC (mg/L)

|

Patient group

0.807

Control group

Figure 1: Comparison of cystatin C levels between groups.
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Discussion

In the evaluation of renal functions, GFR has a vital impor-
tance and endogenous or exogenous substances can
be used in its calculation. As exogenous substances are
more expensive and not practical in application, endoge-
nous substances are preferably used in the calculation of
GFR, especially in children [10-15]. While acute and high
level exposure to toxic metals causes acute GFR changes,
chronic and low level exposures can lead to mild clinical
manifestations, which is really obscure that can prevent
the accurate diagnosis. In these conditions, Cyctatin C
seems to be a better and more sensitive biomarker than
creatinine [16-18].

In some studies it is emphasized that cystatin C
increases before creatinine in subclinical renal disease
or in acute renal damage and for this reason cystatin C is
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important to assess renal functions and in terms of early
diagnosis [21-24]. Peco-Anti¢ A and collaborates stated
that cystatin C was a reliable early marker to determine
acute renal damage after cardiac surgery in a study that
they had made with pediatric populations [25]. Treiber M
and collaborates stated that cystatin C was a better marker
than creatinine in neonatals to determine acute renal
damage after perinatal hypoxia/asphyxia [26]. Similar
results were found in animal experiments and also in
the studies which were made with adults [27,28]. There
are very few articles which assess renal functions in chil-
dren who are exposed to acute mercury. The studies were
mainly about dental amalgam fillings which cause low
dose mercury exposure. In some of these studies, it was
stated that low dose mercury exposure did not affect renal
functions while the others stated that renal functions were
impaired dose dependently [29,30]. In our study, we found

Table 3: Subgroup analysis of the exposed group according to the different levels of mercury.

Control group Group 1 Group 2 Group 3 P value
(n=30) (n=18) (n=12) (n=9)

Mercury 3.90 11.15 23 38.75 <0.0012Pcdef
(ug/L) (0.02-6.08) (10.50-18.60) (20.3-28.4) (30.2-57)
Creatinine 0.60 0.55 0.50 0.50 0.884
(mg/dL) (0.40-0.70) (0.40-0.70) (0.40-0.60) (0.40-0.60)
Urea 23.54 27.82 25.68 27.82 0.665
(mg/dL) (19.26-38.52) (19.26-34.24) (19.26-38.52) (17.12-47.08)
Cystatin C 0.89+0.13 1.1£0.12 1.1£0.13 1.07x0.1 <0.0012b<
(mg/L)
GFRshw1 162.24 166.5 171.2 168 0.334
(mL/min/1.73m?) (126-214) (124-221) (142-221) (132-214)
GFRcou 118.25 121.33 129.20 131.5 0.716
(mL/min/1.73m?) (98-165) (96-161.7) (111-163) (103-165)
GFRfill 107.14x14.57 82.73+£10.9 82.5049.5 86.50+£16.8 <0.0012b<¢
(mL/min/1.73m?)
GFRzapp 106.61+12.27 92.48£13.71 93.3949.06 96.30£10.4 0.0013b:c
(mL/min/1.73m?
GFRshw2 103.78+11.83 98.43+10.43 99.027.7 99.56+10.5 0.242
(mL/min/1.73m?
GFRkdigo1 113 (94-158) 116 (92-155) 123 (106-156) 126 (99-159) 0.762
(mL/dk/1.73m?)
GFRkdigo2 96.49+11.97 95.55£10.79 96.85+10.23 97.08+£10.93 0.984
(mL/dk/1.73m?)
GFRkdigo3 79.43£9.6 64.86+7.09 64.32+6.24 68.43+6.40 <0.001%b<

(mL/dk/1.73m2)

The data are given as median (25%-75% percentiles) or Mean+SD. 2: Significant between control group and group 1; °: Significant between
control group and group 2; <: Significant between control group and group 3; ¢: Significant between group 1 and group 2; ®: Significant

between group 1 and group 3; : Significant between group 2 and group 3.
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cystatin C levels significantly higher in patient group than
control group in children with acute mercury exposure
when creatinine levels were normal (p<0.001) Therefore
we consider cystatin C level as a better marker than cre-
atinine to assess renal functions in rapid GFR decreases
due to acute exposures. We couldn‘t compare our results
with other studies because we could not find a study
which investigated renal functions and cystatin C levels
in chidren who exposed to acute and high dose mercury.

Formulas based on different parameters are used to
calculate GFR value accurately [13,14]. Formulas are gen-
erated to calculate GFR using serum creatinine and/or cys-
tatin C concentrations, in children. Formulas of Schwartz,
Counahan, Filler, Zappitelli and collaborates [19] may
be given as an example to this. Also, KDIGO 2012 Clini-
cal Practice Guideline has suggested three pediatric GFR
estimating equations [20]. Most commonly used formula
for GFR calculation in children is GFRshwl formula
which Schwartz and collaborates generated using height
and serum creatinine values. Given in Table 1, GFRshwl,
GFRcou and GFRkdigo1 equations are based on serum cre-
atinine and height, GFRkdigo2 equation is based on serum
creatinine, height and urea, GFRfill, GFRzapp, GFRshw2
and GFRkdigo3 equations are formulas using only cys-
tatin C or using parameters like creatinine, height, urea
additionally cystatin C.

In GFR calculations with GFRfill, GFRzapp, GFRshw?2
and GFRkdigo3 equations, a significant difference was
detected between results of control and patient groups
(p<0.001, p<0.001, p=0.042, p<0.001, respectively). In
GFR calculations with GFRshwil, GFRcou, GFRkdigol
and GFRkdigo2 equations, there was not a significant
difference between results of control and patient groups
(p=0.069, p=0.559, p=0.424, p=0.945, respectively).

Different results were obtained in studies which renal
functions were evaluated with different GFR formulas.
Nehus EJ and collaborates stated that in their study with
pediatric patients, GFR results which uses only cystatin C
were more accurate than both cystatin C and creatinine
based GFR results [31]. In another study with pediatric
patients, Westland R. and collaborates emphasized that
creatinine and cystatin C based GFR results were more reli-
able than formulas based only creatinine or cystatin C [32].
There were reported different aspects also in studies with
adults [33,34]. In some of the studies that compared cre-
atinine and cystatin C based GFR results with each other
and which reported that cystatin C based GFR formulas
were significantly different from control group, it was also
stated that creatinine based GFR results were higher than
cystatin C based GFR results [35]. Also in our study, when
cystatin C based GFR results were significantly different
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from control group, there was no significant difference in
terms of creatinine based GFR results in the mercury expo-
sured group (Table 2). In our best knowledge, while there
was no significant difference between control and patient
groups in terms of creatinine level, there was a significant
difference in terms of cystatin C level. In our study, we also
found that creatinine and height based GFR results were
higher than cystatin C based GFR results. For this reason,
according to this study’s results in rapid or mild GFR
decreases, cystatin C based GFR formulas can provide
more reliable results than creatinine based GFR formulas
and we believe that more comprehensive researches about
this issue should be done.

In subgroup analysis, cystatin C values were found to
be higher than the control group , GFRfill, GFRzapp and
GFRkdigo3 values were found to be lower than the control
group (p<0.001, <0.001, p=0.001, p<0.001, respectively),
however, there was not a significant difference between
the subgroups (Table 3). It represented that these param-
eters were affected from mercury exposure but this effect
was independent from the grade of exposure. Although
mean GFRshw2 values were found higher in control group
than in subgroups, there wasn‘t a significant difference
between them. We think that it was resulted from the
number of sample.

As a conclusion we consider that cystatin C is a better
marker than creatinine and cystatin C based formulas are
more effective than creatinine based formulas in rapid GFR
decreases like acute intoxications. The data on this area
is limited and we believe that our findings are useful for
further researchs, especially on children with acute renal
damage. Furthermore in our opinion it is important to eval-
uate data of adults who have been exposed to metal as well.
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Conflict of Interest: The authors have no conflict of interest.

References

[1] Lew K, Mercury (Understanding the Elements of the Periodic
Table series) 1st ed 2009; pp. 4-32, The Rosen Publishing
Group, New York, USA.

[2] Sukheeja D, Kumar P, Singhal M, Subramanian A.
Subcutaneous mercury injection by a child: a histopathology
case report. ) Lab Physicians 2014; 6(1):55-7.

[3] Saghiri MA, Banava S, Sabzian MA, Gutmann JL, Asatourian
A, et al. Correlation between long-term in vivo amalgam



264 —— Ceylan Bal et al.: Children with acute exposure of mercury

4]

5]

(7]

(8]

19

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

18]

[19]

restorations and the presence of heavy elements in the dental
pulp. ) Trace Elem Med Biol 2014; 28(2):200-4.

Xu ZQ, Yi ZW. Hazardous environmental factors causing renal
damage in children. [Article in Chinese] Zhongguo Dang Dai Er
Ke Za Zhi 2014; 16(4):319-24. [Abstract]

LiuJ, Xu X, Yu S, Cheng H, Hong Y, et al. Mercury pollution

in fish from South China Sea: levels, species-specific
accumulation, and possible sources. Environ Res 2014;
131:160-4.

Koyun M, Akman S, Giiven AG. Mercury intoxication resulting
from school barometers in three unrelated adolescents. Eur |
Pediatr 2004; 163(3):131-4.

Zalups RK. Molecular interactions with mercury in the kidney.
Pharmacol Rev 2000; 52(1):113-43.

Jan AT, Ali A, Haq Q. Glutathione as an antioxidant in inorganic
mercury induced nephrotoxicity. ] Postgrad Med 2011;
57(1):72-7.

Hsi HC, Jiang CB, Yang TH, Chien LC. The neurological effects of
prenatal and postnatal mercury/methylmercury exposure on
three-year-old children in Taiwan. Chemosphere 2014;100:71-6.
Abitbol CL, Seeherunvong W, Galarza MG, Katsoufis C,
Francoeur D, et al. Neonatal kidney size and function in preterm
infants: what is a true estimate of glomerular filtration rate? |
Pediatr 2014; 164(5):1026-1031.e2.

Friedman AN, Moe S, Fadel WF, Inman M, Mattar SG, et al.
Predicting the glomerular filtration rate in bariatric surgery
patients. Am | Nephrol 2014; 39(1):8-15.

Levey AS, Inker LA, Coresh ). GFR estimation: from physiology
to public health. Am ) Kidney Dis 2014; 63(5):820-34.

Lamb EJ, Stevens PE. Estimating and measuring glomerular
filtration rate: methods of measurement and markers for
estimation. Curr Opin Nephrol Hypertens 2014; 23(3):258-66.
Prowle JR, Kolic I, Purdell-Lewis |, Taylor R, Pearse RM, et al.
Serum creatinine changes associated with critical illness and
detection of persistent renal dysfunction after AKI. Clin ] Am
Soc Nephrol 2014; 9(6):1015-23.

Fotheringham ], Weatherley N, Kawar B, G Fogarty D, Ellam T.
The body composition and excretory burden of lean, obese, and
severely obese individuals has implications for the assessment
of chronic kidney disease. Kidney Int 2014; 86(6):1221-8.
Belcher JM, Sanyal A}, Garcia-Tsao G, Ansari N, Coca SG,

et al. Early trends in cystatin C and outcomes in patients

with cirrhosis and acute kidney injury. Int ] Nephrol 2014;
2014:708585.

Parvex P, Combescure C, Rodriguez M, Birraux J, Girardin E.
Evaluation and predictive factors of renal function progression
using cystatin C and creatinine in neonates born with CAKUT.
Clin Nephrol 2014; 81(5):338-44.

Stojanovi¢ VD, Vuckovi¢ NM, Barisi¢ NA, Srdic¢ B, Doronjski AD,
et al. Early biomarkers of renal injury and protective effect of
erythropoietin on kidneys of asphyxiated newborn rats. Pediatr
Res 2014; 76(1):11-6.

Schwartz GJ, Munoz A, Schneider MF, Mak RH, Kaskel F, et al.
New equations to estimate GFR in children with CKD. ] Am Soc
Nephrol 2009; 20(3):629-37.

[20] Eknoyan G, Lameire N. KDIGO 2012 Clinical Practice Guideline

[21]

[22]

[23

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33

[34]

[35]

DE GRUYTER

for The Evaluation and Management of Chronic Kidney Disease.
Kidney Int Suppl 2013; 3:1-150.

Bokenkamp A, Domanetzki M, Zinck R, Schumann G, Byrd D,
et al. Cystatin C--a new marker of glomerular filtration rate

in children independent of age and height. Pediatrics 1998;
101(5):875-81.

Herget-Rosenthal S, Marggraf G, Hiising J, Goring F, Pietruck F,
et al. Early detection of acute renal failure by serum cystatin C.
Kidney Int. 2004; 66(3):1115-22.

Nejat M, Pickering JW, Walker R}, Endre ZH. Rapid detection of
acute kidney injury by plasma cystatin Cin the intensive care
unit. Nephrol Dial Transplant 2010; 25(10):3283-9.

Pavicevi¢ S, Peco-Anti¢ A. Cystatin C: our experience. Pediatr
Nephrol 2005; 20(6):842-3.

Peco-Anti¢ A, lvaniSevic I, Vulicevi¢ I, Kotur-Stevuljevic J, Ili¢
S, et al. Biomarkers of acute kidney injury in pediatric cardiac
surgery. Clin Biochem 2013; 46(13-14):1244-51.

Treiber M, Gorenjak M, Pecovnik Balon B. Serum cystatin-C as
a marker of acute kidney injury in the newborn after perinatal
hypoxia/asphyxia. Ther Apher Dial 2014; 18(1):57-67.

Sasaki A, Sasaki Y, Iwama R, Shimamura S, Yabe K, et al.
Comparison of renal biomarkers with glomerular filtration rate
in susceptibility to the detection of gentamicin-induced acute
kidney injury in dogs. ] Comp Pathol 2014; 151(2-3):264-70.
Fouad M, Boraie M. Cystatin C as an early marker of acute
kidney injury and predictor of mortality in the intensive care
unit after acute myocardial infarction. Arab ) Nephrol Transplant
2013; 6(1):21-6.

Ye X, Qian H, Xu P, Zhu L, Longnecker MP, et al. Nephrotoxicity,
neurotoxicity, and mercury exposure among children with and
without dental amalgam fillings. Int ] Hyg Environ Health 2009;
212(4):378-86.

Geier DA, Carmody T, Kern JK, King PG, Geier MR. A significant
dose-dependent relationship between mercury exposure from
dental amalgams and kidney integrity biomarkers: a further
assessment of the Casa Pia children’s dental amalgam trial.
Hum Exp Toxicol 2013; 32(4):434-40.

Nehus EJ, Laskin BL, Kathman TI, Bissler JJ. Performance of
cystatin C-based equations in a pediatric cohort at high risk of
kidney injury. Pediatr Nephrol 2013; 28(3):453-61.

Westland R, Abraham Y, Bokenkamp A, Stoffel-Wagner B,
Schreuder MF, et al. Precision of estimating equations for GFR
in children with a solitary functioning kidney: the KIMONO
study. Clin ] Am Soc Nephrol 2013; 8(5):764-72.
Nasseri-Moghaddam S, Ganji MR, Kochari MR, Tofangchiha

S. Serum cystatin-C is not superior to serum creatinine in
predicting glomerular filtration rate in cirrhotic patients.
Middle East ) Dig Dis 2013; 5(4):209-16.

Moreira E Lima R, Navarro LH, Nakamura G, Solanki DR,
Castiglia YM, et al. Serum cystatin C is a sensitive early
marker for changes in the glomerular filtration rate in patients
undergoing laparoscopic surgery. Clinics (Sao Paulo) 2014;
69(6):378-83.

Fox JA, Dudley AG, Bates C, Cannon GM Jr. Cystatin Cas a
marker of early renal insufficiency in children with congenital
neuropathic bladder. ) Urol 2014; 191(5 Suppl):1602-7.


https://www.researchgate.net/publication/277496835

