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SUMMARY

Aim: The aim of the study is to compare creatinine clearance (CrCl) as old marker of glomerular filtration rate (GFR) with
estimated glomerular filtration rate (eGFR) in patients with chronic kidney disease (CKD). We compared the impact of CrCl
and eGFR on classification of CKD. We also looked at correlation between GFR tests and albuminuria.

Design: retrospective cross section design.

Methods: GFR was determined by CrCl and estimated from serum creatinine (€GFR__,...): S
and combined equation (eGFRcreaﬁninmys‘aﬂnC). Creatinine and cystatin C were determined by standardized methods. We used
new Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations.

Results: The median (interquartile range) of creatinine clearance was 1.21 ml/s per 1.73 m? (0.76-1.72). All eGFR give lower
results, eGFR_ . 1.01 ml/s per 1.73 m* (0.63-1.42) (p<0.05), eGFR_ - 0.93 ml/s per 1.73 m* (0.55-1.59) (p<0.05),
eG.FRcreaﬁmnMysmInC 0.96 ml/s per 1.73 m? (0.90-1.05) (p<0.05). CICr |dent|f|ed CKD by GFR criterion in 130 patients, eGFR
in 173 patients, eGFRCystannC in 189 patients and eGFR IR in 185 patients.

Conclusions: CrCl gives higher values than all eGFR. It has an impact on staging of CKD and drug dosing. eGFR
values and eGFR have different association according to the range of GFR.
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SOUHRN

Salek T., Pali¢ka V.: Srovnani clearance kreatininu a odhad glomerularni filtrace u pacientti s chronickym one-
mocnénim ledvin

Cil studlie: Cilem studie je porovnat kreatininovou clearanci (CrCl), jako stary ukazatel glomerularni filtrace (GFR), s odhado-
vanou glomerularni filtraci (€GFR) u pacientl s chronickym onemocnénim ledvin (CKD). Porovnali jsme dopad CrCl a eGFR

na klasifikaci CKD. Studovali jsme také korelaci mezi testy GFR a albuminurif.

Typ studie: retrospektivni prifezova

Material a metody: GFR byla mérena pomoci CrCl a odhadovana ze sérového kreatininu (€GFR

tinu C (eGFR ) a pomoci kombinované rovnice (€GFR

cystatinC

creatinine+cystatinC

eatinine) Z€ SEroveho cysta-
). Kreatinin a cystatin C byly stanoveny pomoci stan-

dardizovanych metod. Pouzili jsme nové Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) rovnice.
Vysledky: Median (mezikvartilové rozpéti) kreatininové clearance bylo 1,21 ml/s per 1,73 m? (0,76-1,72). VSechny eGFR

davaly nizsi vysledky, eGFR 1,01 ml/s per 1,73 m? (0,63-1,42) (p<0,05), eGFR

creatlnlne

(p<o 05) eGFRcreaﬂnmemystath

GFR u 130 pacientt, eGFR u 173 pacientl, eGFR

creatinine

a eGFR

yetatnc Al jinou asociaci podie oblasti GFR.

cystatlnC

0.98 ml/s per 1,73 m? (0,55-1,59)

cystatinC

,96 ml/s per 1,73 m? (0,90-1,05) (p<0,05). CICr |dent|f|kovala stadium 3a CKD podle kritéria
u 189 pacientt a eGFR
Zavér: CrCl davala vyssi vysledky nez vechny eGFR. To ma dopad na klasifikaci CKD a nasledné davkovani lékd. eGFR

creatinine+cystatinC u 185 paolentu

creatinine
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Introduction

Since 1886, creatinine has been used as a mar-
ker of kidney function. It is a waste product of muscle
metabolism. CrCl was usually used as the marker of
GFR in the 20" century. This test needs 24 hour uri-
ne collection. Creatinine is produced at constant rate,
freely filtered by glomerulus, but tubular secretion of
creatinine overestimates true GFR [1]. Urine collection
is difficult for patients and incomplete or falsely high
urine collections are frequent.

Chronic kidney disease is currently defined accor-
ding to Kidney Disease Improving Global Outcomes
(KDIGO) guidelines from 2012. CKD is defined as

abnormalities in kidney structure or function pre-
sent for more than three months with implications
for health. Six stages of GFR are defined according
to the level of GFR: G1 >1.5 ml/s per 1.73 m?, G2
1.0 — 1.49 ml/s per 1.73 m?, G3a 0.75 — 0.99 ml/s
per 1.73 m?, G3b 0.5 - 0.74 ml/s per 1.73 m?, G4
0.25 — 0.49 ml/s per 1.73 m?, G5 < 0.25 ml/s per
1.73 m?. Standardized serum creatinine and cystatin
C are recommended for estimation of GFR. CKD-
EPI working group established CKD-EPI equation for
eGFR,_ . IN 2009. CKD-EPI equations for estima-
tion of GFR from serum cystatin C and combined
equation eGFRMmnlne+cystatlnc were established by the
same working group in 2012.
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Albuminuria is the most important marker of kidney
damage. Albuminuria usually precedes the decline of
GFR [2].

Determination of GFR is important for detection
and staging of CKD and adjustment of drug dosages
excreted by kidney.

We compared old and current approaches to deter-
mination of GFR. We did not find this comparison in
literature. We also looked at differences in detection
rate of CKD (GFR bellow 1.0 ml/s per 1.73 m? and
compared eGFR with eGFR

creatinine cystatinC*

Methods

Patients

The cross-sectional retrospective study included 352
consecutive patients from outpatient nephrology clinic of
Tomas Bata hospital in Zlin from January to December
2013. The group consisted of 174 males and 178 fema-
les. Age ranged from 20 to 88 years. Median of age was
54 years (41-66). Patients in chronic dialysis program
were not in this study. They were at stages G1-G4 and
patients before chronic dialysis program.

The study was approved by The Ethic Committee of
Tomas Bata Hospital.

Laboratory tests and equations

Creatinine was determined by enzymatic method
traceable to NIST SRM 967 reference material [3].

Cystatin C was determined by particle enhanced
immunoturbidimetric method (PETIA) traceable to ERM
DA 471 reference material [4].

eGFR,, i Was calculated according to CKD-EPI
equation, which was established in 2009 [5]. eGFRCystatinc
and eGFR__ i e.oeainc WEre calculated according to
CKD-EPI equations established in 2012 [6].CrCl was
calculated according to equation:CrCl = urine creatini-

ne x urine volume/serum creatinine (ml/s per 1.73 m?).

Total protein in urine was determined using benzetho-
niumchloride reaction. Albumin in urine was determined
employing immunoturbidimetric method traceable to
serum certified material CRM 470. All tests were manu-
factured by the Abbott company and determined on
automated clinical chemistry Abbott Architect analyzer.

Statistical tests

D’Agostino-Pearson test was used for an assess-
ment of the normal distribution.

Results of GFR are expressed as median (interqu-
artile range (IQR)).

Friedman test was used for comparison of four
medians of GFR.

Bland-Altman plot was used for comparison of
eGI:Rcreatinine and eGFRcystaﬁnC'

The Spearman correlation coefficient was used for
correlation analysis.

Results

D’Agostino-Pearson test for normal distribution
rejected normality for CrCl and all eGFR (p< 0.0001).

The median (IQR) of creatinine clearance was 1.21
ml/s per 1.73 m? (0.76-1.72). All medians of eGFR were
statistically lower than the median of creatinine clea-

rance, eGFR__.... 1.01 ml/s per 1.73 m? (0.63-1.42)
(p<0.05), eGFRCystatinc 0.983 ml/s per 1.73 m? (0.55-1.59)
(p<0.05), eGFR 0.96 ml/s per 1.73 m?

creatinine+cystatinC

(0.90-1.05) (p<0.05).

We did not find difference among medians eGFR
tinine’ eGFRcystaﬁnC and eGFRcreatininemystatinC (p>OO5)
Fig. 1 shows the differences between eGFR
o and eGFR_ . .. We can see at GFR values bellow
1.0 ml/s per 1.73 m? that eGFR___, values are higher
than eG.FRCystatinC (p<0.0001). eGuFRCystatinc gives higher
values in the range of GFR above 1.0 ml/s per 1.73 m?

(p<0.0001).
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Figure 1. Bland-Altman plot between CKD-EPI 2012 (cystatin C) and CKD-EPI 2009 (creatinine)
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CICr identified CKD by GFR criterion in 130 patients,
eGFR,,.inine IN 173 patients, eGFF%Cystatinc in 189 patients
and eGFR_ e cystain IN 185 patients.

We performed correlation analysis in 148 patients,
who had also 24-hour urine tests for albuminuria and
total proteinuria. Table 1 shows interesting relations.
We can see greater correlation among eGFR than any
eGFR and CrCl.

Albuminuria and total proteinuria have no correlati-
on with CrCl (p > 0.05).

There was no difference between correlation coeffi-
cients of albumin/24h vs. eGFR_ ;. and total protein/
24h vs. eGFRcystahnC (P > 0.05).

There was no difference between correlation coeff-
icients of aloumin/24h vs. eGFR and total

reatinine+cystatinC
protein/24h vs. eGFR “©> cy3)615).

creatinine+cystatinC p > Y.

Table 1. Spearman correlation coefficients among variables

ents treated with aminoglycosides and GFR bellow 1.0
ml/s per 1.73 m? according to KDIGO guidelines [10]. If
we look at 352 patients of the study, creatinine clearan-
ce would recommend reduce drug dose in 130 patients.
eGFR, e IN 174 patients, eGFRcystatinc in 189 patients
and eGFR_ e cpsiatnc N 185 patients. We can see that
creatinine clearance performed lowest number of dose
reductions which may decrease patient safety.

CrCl had no correlation with albuminuria. We found
poor correlations between albuminuria and eGFR
tests. Albuminuria usually precedes a decline of GFR
[11]. This finding also confirms the need of both marker
of GFR and marker of kidney damage for detection of
CKD according to KDIGO guidelines [2].

We can see at Bland-Altman plot that at GFR values
bellow 1.0 ml/s per 1.73 m? eGFR are higher than

creatinine

Correlation (Spearman) R (95Cl) p
CrCl VS. eGFRcreatinine 0.727(0.641 to 0.795) <0.001
CrCl VS. eGFRcystatin C 0.701(0.609 to 0.775) <0.001
CrCl VS. eGFRcreatinine + cystatin C 0.728(0.642 to 0.796) <0.001
CrCl VS. Albumin / 24h -0.104 (-0.261 to 0.059) 0.210
CrCl VS. Total protein / 24h -0.028(-0.188 to 0.134) 0.736
eGFRcreatinine VS. eGFRcystatin C 0.919(0.89 t0 0.941) <0.001
eGFRcreatinine VS. eGFRcreatinine + cystatin C 0.971(0.961 to 0.979) <0.001
eGFRcreatinine VS. Albumin / 24h -0.172(-0.324 t0 -0.011) 0.037
eGFRcreatinine VS. Total protein / 24h -0.147(-0.301 t0 0.015) 0.075
eGFRcystatin C VS. eGFRcreatinine + cystatin C 0.983(0.977 to 0.988) <0.001
eGFRcystatin C VS. Albumin / 24h -0.223(-0.371 to -0,064) 0.007
eGFRcystatin C VS. Total protein / 24h -0.175(-0.327 to -0.014) 0.033
eGFRcreatinine + cystatin C VS. Albumin / 24h -0.200(-0.350 to -0.04) 0.015
eGFRcreatinine + cystatin C VS. Total protein / 24h -0.168(-0.320 to -0.007) 0.042
Albumin / 24h VS. Total protein / 24h 0.832(0.774 t0 0.876) <0.001

n=148

Discussion eGFRCystaﬁnC. eG.FRCystamnc gives higher values in the range

Creatinine clearance gave higher values than all
eGFR in our study.

A lot of authors found similar results. Kumar et al.
[7] shows similar results in a study with transplant reci-
pients. Similar results were obtained in patients befo-
re bone marrow transplantation [8]. Studies with gold
standard also found that creatinine clearance overesti-
mate true GFR [9]. All these studies are consistent with
our results. Tubular secretion is one of the possible
explanations of these results.

Many drugs are excreted renally and their doses
should be reduced in patients with CKD. Prescribers
should take GFR into account when drug dosing. We
should reduce dose or increase dosage interval in pati-

of GFR above 1.0 ml/s per 1.73 m?. We can see similar
trend in the work by Delanaye. This work uses the same
traceable methods for determination of creatinine and
cystatin C and three CKD-EPI equations [12]. The same
results were found in diabetic patients [13,14]. Both
works use standardised methods for creatinine and
cystatin C and the same three CKD-EPI equations.

The major limitation of our study is that we did not
use measured gold standard method for determinati-
on of GFR such as inulin clearance or isotopic method
[15]. These methods are limited to specialized centres
and are not used in routine clinical practice.

Another limitation is that patients did not have renal
biopsies as reference method for accurate clinical dia-
gnoses.
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Conclusion

CrCl gives higher values than all eGFR. It has impact
on detection rate of CKD and drug dosing.

Albuminuria has no correlation with CrCl.

eGFR values and eGFR have different

creatinine cystatinC

associations according to the range of GFR.
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