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Utility of Cystatin-C in hospitalized patients.
Comparison with different methods of
assessing renal function
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SUMMARY

Serum creatinine is the most widely used parameter to assessing renal function,
even though limitations, some time is necessary meassure 24 h creatinine clearance
(Clcr), or estimate Cockroft-Gault (C-G) or MDRD formulas. Different methods can
offer different results, and cause confusion in clinicians. Using Cystatin-C as new pa-
rameter of renal function could suppose an important improvement. The objective
of our study was to compare the different methods from renal evaluation and esta-
blish the utility of cistatina-C in the hospital area. In the study were included 70 pa-
tients (44 men) selected of random way, predominate patients with kidney disease
and diabetics, which was made Clcr and calculated C-G and MDRD formulas. The
mean age of the patients was 66 = 14years, mean weight 73 + 17Kg, creatinine 2,14
+ 1,77 mg/dL, cystatin-c 1,77 + 1,18 mg/L, CLcr 54,39 + 36,2 mL/min. The correla-
tion of 1/Crea with the Clcr, C-G and MDRD formulas was respectively: 0,7735,
0.8269 and 0.9613, (p < 0.0001). The correlation of 1/Cist with the Clcr, C-G and
MDRD was respectively: 0,836, 0.8142 and 0.832, (p < 0,0001). By Bland-Altman
graphs the average of the difference between ClLcr with CG and MDRD was 2,8
mL/min and -1,5 mL/min respectively. Comparing CG with MDRD was 1,7 mL/min.
The average of the observed absolute differences between ClLcr with CG and MDRD
was 13.5 mL/min and 17.1 mL/min respectively. Between this formulas the average
was 12.5 mL/min. Statistically significant differences between the different methods
from renal evaluation do not exist (p > 0,05). In conclusion, most of the urine collec-
tions could be avoided with the use of the formulas. Cystatin-c is far beyond the cre-
atinine, mainly to detect slight renal alteration (sensitivity 80,4% US 44,7 % in men)
becoming a promising alternative, that could reduce considerably hidden renal in-
sufficiency (non detected by creatinine), although more studies are needed to con-
firm.
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UTILIDAD DE LA CISTATINA C EN EL AMBITO HOSPITALARIO.
COMPARACION CON LOS DISTINTOS METODOS DE VALORACION RENAL

RESUMEN

La prueba utilizada habitualmente para valorar la funcion renal es la creatinina
sérica, aunque por sus limitaciones, en muchas ocasiones es necesario recurrir a la
medida del aclaramiento de creatinina en orina de 24 horas (Clcr), la formula de
Cockroft-Gault (CG) o la formula de Levey (MDRD). Los distintos métodos pue-
den dar distintos resultados, creando una situacion de confusion a los clinicos. La
introduccion de la Cistatina-C como nuevo marcador de funcién renal, podria su-
poner una mejora considerable. El objetivo de nuestro estudio fue comparar los
distintos métodos de valoracion renal y establecer la utilidad de la cistatina-C en
el ambito hospitalario. Fueron incluidos en el estudio 70 pacientes (44 hombres)
seleccionados de manera aleatoria, predominando enfermos renales y pacientes
diabéticos, a los que se les realizo el Clcr y se calculé6 CG y MDRD. La edad
media de los pacientes fue 66 + 14anos, peso medio 73 + 17Kg, creatinina 2,14 +
1,77 mg/dL, cistatina-c 1,77 + 1,18 mg/L, CLcr 54,39 + 36,2 mL/min. La correla-
cion entre 1/Crea con el Clcr, CG y MDRD fue respectivamente: 0,7735, 0,8269 y
0,9613, (p < 0,0001). La correlacion entre 1/Cist con el Clcr, CG 'y MDRD fue res-
pectivamente: 0,836, 0,8142 y 0,832, (p < 0,0001). Mediante los gréficos de
Bland-Altman la diferencia media observada entre CLcr con C-G y MDRD fue -1,5
mL/min y 2,8 mlL/min respectivamente. Comparando CG con MDRD fue 1,7
mL/min. La media de las diferencias absolutas observadas entre Clcr y CG fue
13,5 mL/min y con MDRD fue 17,1 mL/min. Entre ambas formulas la media fue
12,5 mL/min. No existen diferencias estadisticamente significativas entre los distin-
tos métodos de valoracion renal
(p > 0,05). En conclusion, la mayoria de las recogidas de orina podrian evitarse
con la utilizacion de las formulas. La Cistatina es muy superior a la creatinina,
sobre todo para detectar leve alteracion renal (sensibilidad 80,4% vs 44,7 % en
hombres) convirtiéndose en una alternativa prometedora que reduciria a mas de
la mitad la IRC oculta generada por la creatinina, aunque se necesitan mas estu-
dios para confirmarlo.

Palabras clave: Tasa de filtracion glomerular. Aclaramiento de creatinina. Cistati-
na-C. Férmula de Cockroft-Gault. Formula MDRD.

INTRODUCTION

Renal function assessment in hospitalized patients
is paramount both from a prognostic point of view
and for assessing and adjusting the different therapeu-
tic regimens in elderly and poly-medicated patients.

The best method to assess renal function is measu-
ring the glomerular filtration rate (GFR), although ac-
curate estimation by means of administrating exoge-
nous agents (inuline, iodine-thalamate, DTPA,
iohexol) is difficult in daily clinical practice and is
seldom performed since these are expensive and
technically complex tests that cannot be repeatedly
done.?3

As an alternative, creatinine clearance (CrCl) measu-
rement by 24-hour urine collection is used. Even at the

hospital setting, its measurement may be inaccurate,*
so that several formulas have been developed to esti-
mate CrCl, among which the Cockcroft-Gault formula
(CG in mL/min)*> ©, derived from the study of 249 pa-
tients without renal disease, is the most accepted one.
Multiple calculations have also been developed to esti-
mate GFR from serum creatinine (sCr) and a series of
patient’s individual variables by means of multiple re-
gression analysis.”#? The accuracy of such calculations
is adequate provided that they are applied to groups of
patients with characteristics similar to those of patients
included for designing the mathematic formula. Thus,
several authors have designed specific formulas for
groups with identical pathologies, such as paraplegic,
obese and cancer patients, as well as those with severe
infections and trauma.'011 121314
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In spite of the advantages the formulas provide,
there are special situations in which the use of these
equations is not recommended' and collection of
24-hour urine will be necessary (Table 1).

Because of these limitations and the lack of accu-
racy of these formulas, research has focused on the
search for new agents that may replace serum creati-
nine. The most promising one seems to be Cystatin-C
(Cyst) that, besides getting very close to the ideal mar-
ker of GFR as many recently notifications endorse,'®
is showing to be a new independent risk factor for
cardiovascular morbimortality.'”

The aim of our study was comparing the different
methods used to assess renal function at the hospital
setting and establishing the utility of cystatin-C.

MATERIAL AND METHODS

This a cross-sectional descriptive study for a 1-
month period, at a 500-bed hospital. Seventy adult
patients (44 males and 26 females) were randomly in-
cluded, to whom their family practitioner ordered
CrCl to assess their renal function. Patients and the
nursing staff received the usual instructions to collect
the urine.

The same day, the ordering physician or the nursing
staff registered the patient’s weight (registered only in
50 patients) together with the remaining demographi-
cal data needed for the equations. Height was only
gathered in a small number of patients so that correc-
tion by body surface area was not possible. Mean age
for the patients was 66 = 14 years (range 23-92),
mean weight 73 + 17 Kg (range 41-130), creatinine
1.2 mg/dL (median, 95% Cl: 1.1-1.6; range 0,7-7,7),
cystatin-C 1.77 = 1.18 mg/L, CrCl 54.39 + 36.2
mL/min (see Table 2).

Patients origin was as follows: internal medicine
(45); nephrology (9), urology (4), gastroenterology
(4), cardiology (3), respiratory medicine (2), other
(3). In the study group there were 34 renal patients
(48%), 18 diabetics (26%), and 18 patients with

Table I. Conditions in which the use of equations ti
measure renal function is not recomended

— Acute renal failure

Hyponutrition

— Muscle pathology

— Severe liver disease

— Limb amputations

— Special diets: vegetarian, creatin-rich

— Drugs blocking creatinine secretion (cimetidine, trimethroprim)
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Table 1. Characteristics of the study group

Deviation

Mean Median standard
CREATININE (mg/dL) 2.14 1.25 1.77
CYSTATIN-C (mg/L) 1.77 1.26 1.18
CrCl (mL/min) 54.39 53.05 36.2
C-G (mL/min) 54.44 58.13 31.75
MDRD (mL/min/1.73 m?) 51.6 55 28.63
WEIGHT (kg) 73 74 17.18
AGE (years) 66 68.5 14.11

multiple pathologies. Twenty patients had increased
CRP (29%).

The samples were processed the same day that ex-
traction was done to determine creatinine (Jaffé’s ki-
netic method, Advia, Bayer, 4.8% CV control). To
determine cystatin-C, the samples were frozen accor-
ding to the manufacturer’s specifications (immuno-
nephelometric method, Dade Behring, 5 % CV con-
trol).

The formulas used for the calculation of CrCl, CG
formula, and abbreviated MDRD (MDRD-4) are indi-
cated in Table 3.

The correlation between serum parameters (1/sCr,
1/Cyst) determined by the different assessment met-
hods was calculated by Pearson’s r.

The level of disagreement between the different
methods was studied by the Bland-Altman graphs
from the value of the differences obtained with the
different measurements. The level of statistical signifi-
cance was set at p < 0.05.

The accuracy of the different methods was calcula-
ted by the mean of the absolute differences observed
and the 25%, 75t and 90 percentiles of the absolute
differences between methods.

Table 11l. Methods used to assess GFR that were com-
pared in our study

e CREATININE CLEARANCE IN 24-HOUR URINE (mL/ min).

CL crea = [sCr (urina) (mg/dL) x V (mL)]/crea(serum)(mg/dL)

e GAULT-GAULT FORMULA (mL/min).

CG = [(140 — AGE (years) x WEIGHT (kg)l x (0.85 in women) /
(72 x sCr (serum)(mg/dL).

e ABBREVIATED MDRD FORMULA OR LEVEY'S MODIFIED
FORMULA (mL/min/1.73 m?).

MDRD = 186 x sCr (mg/dL)"'>* x AGE (years)%203
x 0.742 (in women) x 1.212 in black race.




To establish whether there were differences betwe-
en measurement methods, the t test was used. All sta-
tistical analyses were done with the Med Calc softwa-
re for Windows.

RESULTS

The correlation between 1/CrCl and CrCl, CG and
MDRD was, respectively: 0.7735 (95% Cl: 0.658-
0.853; p < 0.0001), 0.8269 (95% ClI: 0.711-0.899; p
< 0.0001) and 0.9613 (95% Cl: 0.938-0.976; p <
0.0001).

The correlation between 1/Cyst and CrCl, CG and
MDRD was, respectively: 0.836 (95% Cl: 0.748-
0.895; p < 0.0001), 0.8142 (95% CI: 0.691-0.891; p
< 0.0001) and 0.832 (95% Cl: 0.742-0.893; p <
0.001). The correlation between creatinine and cysta-
tin values was 0.936 (see Figure 1).

The mean difference (MD) observed between mea-
sured CrCl and calculated CrCl by the CG and
MDRD formulas was, respectively: -1.5 mL/min (95%
Cl: -38.3 to 35.3), and 2.8 mL/min (95% Cl: -41.5 to
47.1). When comparing the CG formula with MDRD,
the mean difference was 1.7 mL/min (95% Cl: -33.5 a
36.9). The results are shown in Figure 2.

The mean of the absolute differences observed bet-
ween CrCl and CG and MDRD formulas were, res-
pectively: 13.5 mL/min (95% Cl: 9.7-17.2) and 17.1
mL/min (95% Cl: 13.6-20.6); between both formulas,
the mean was 12.5 mL/min (95% Cl: 8.7-16.1). Table
4 shows the absolute differences between the diffe-
rent measurement methods, at 25", 75" and 90t
percentiles.

There are no statistically significant differences bet-
ween CrCl and CG (P = 0.5782), between CrCl and
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Fig. 1.—Correlation between Creatinine and Cystatin-C values
(r=0.9357).

Fig. 2.—Bland-Altman graphs comparing CrCl and CGC.

MDRD (P = 0.3046), or between CG and MDRD (P =
0.5079).

Taking CrCl as the reference, decreased GF levels
(< 90 mL/min) would be detected by means of creati-
nine, with sensibility (S) = 44.7% and 55.6% (in
males and females, respectively). Specificity (Sp) =
100%. Cystatin-C had S = 80.4%, Sp = 57.1%. To de-
tect a higher level of impairment (< 60 mL/min), crea-
tinine showed S = 64% and 71.4%, Sp = 95% and
100% (in males and females, respectively). Cystatin-C
showed S = 97.4%, Sp = 58.1%.

By using MDRD, to detect decreases of 90
mL/min/1.73m?, creatinine showed sensibilities of
39.5% and 45.5% (in males and females, respecti-
vely), Sp = 100%. Cystatin-C, S = 76.9%, Sp = 80%.
To detect decreases of 60 mL/min/1.73m?, creatinine
showed S = 68% and 66.7% (in males and females,
respectively), Sp = 100%. Cystatin-C, S = 92.5%, Sp
= 53.3%. In this way, we may identify 40 patients
with CRF (GFR < 60 mL/min/1.73m?). Among them, 8
patients had normal creatinine values, which repre-
sent a 20% rate of occult renal failure (5 women and
3 men, in spite of a higher proportion of male patients
in the study group). By using cystatin-C we would

Table IV. Absolute differences between the different
methods used at 25", 75" and 90" per-

centiles
Compared Mean (mL/min) Percentile (95% CI)
Methods +5D 25t 75 90
CLcrea-CG 1347 £13.02 3.93 (1.57-6.73);  19.87 (12.05-33.39);  37.12 (20.95-44.36)
CrC-MDRD 1714 + 14.84 430 (2.56-9.36);  26.30 (18.54-30.47);  37.00 (29.00-46.25)
CG-MDRD 1245 +£12.90  3.03 (1.95-7.62);  17.19 (10.48-24.52); 28.28 (17.40-53.12)
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Fig. 3.—Bland-Altman graphs comparing CrCl and MDRD.

only have 3 patients with normal cystatin values and
decreases in GFR (2 women and 1 man), so that oc-
cult CRF rate would be reduced to 7%.

DISCUSSION

The test usually performed to assess GFR is serum
creatinine due to its readiness and simplicity. It is ho-
wever widely known that it is far from being an ideal
marker of GFR,

because it is highly influenced by GFR itself as well
as other factors such as muscle mass, gender, age,
diet, ethnicity, and tubular secretion.'® This makes ne-
cessary to establish a large reference range so that it
makes it poorly sensitive to mild GFR changes. In our
study, this poor sensibility was shown, which was
about 40%-50% to detect mild renal impairment.

The use of CrCl is not devoid of drawbacks. In the
past, by using the classical Jaffé’s method (alkaline pi-
crate) to measure creatinine, very accurate values
were obtained regarding GFR. Nowadays, with the
improvement of detection methods, the interference
with chromatogenous agents is reduced obtaining
lower creatinine values, closer to the real ones. This
apparent improvement makes that real GFR is overes-
timated when calculating CrCl. For this reason, the
MDRD (Modification of Diet in Renal Disease) pro-
poses to use a correction factor of 0.81 when CrCl
needs to be used.* In our study, it is clearly observed
how CrCl yields higher values than the CG formula
(MD = 1.5 mL/min), and even higher than the MDRD
formula (MD = 2.8 mL/min). We also observed a high
inaccuracy in the results by comparing CG (mean of
the absolute differences 13.5 mL/min) or MDRD
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Fig. 4.—Bland-Altman graphs comparing CG and MDRD.

(mean of the absolute differences 17.11 mL/min). Ho-
wever, by comparing the formulas between each
other, this inaccuracy slightly decreases (mean of ab-
solute differences 12.5 mL/min). A large number of
studies show that the error in predicting GFR from
equations is lower than the one that occurs by measu-
ring CrCl, not only due to errors in urine sample co-
llection but also in daily variations in GFR and creati-
nine secretion.'? 20 2!

For theses reasons, creatinine and CrCl are not
good methods to assess renal failure progression.??

Rolin et al.?? investigated on a group of patients
with wide ranges of GF. They verified that the CG for-
mula was poorly faithful and especially inaccurate
(9.8 + 34.2 mL/min; CV 48.1%). The authors conclu-
ded that the formula would justified in those cases
with urgent need. Further studies with different
groups showed better results, with variation coeffi-
cients between 13% and 22%.%

Levey et al.?% reported that the equation 7 derived
from the MDRD study (that included 1070 patients)
was more accurate for estimating GF than CrCl mea-
sured or estimated by CG. The equation has been va-
lidated in patients with severe end-stage CRF and in
renal transplanted patients, but it did not included pa-
tients with normal renal function. Another study com-
pared this formula with a simpler one from the
MDRD study, which only included four variables
(MDRD-4) but that presented an accuracy and bias si-
milar to more complex equations of the MDRD studly,
so that it was concluded that this could be the recom-
mended equation to generally estimating GFR.#?>

In addition to the inaccuracy, formulas are subject
to measurement errors produced by intra-essay and
intra-individual creatinine variability, the lack of



standardization in calibrations between different la-
boratories, and to measurement errors of the remai-
ning variables in the equations.?® This may explain
the contradictions shown between the different stu-
dies. The recently proposed standardization of crea-
tinine calibrations by the Laboratory Working Group
of the National Kidney Disease Education Program
(NKDEP) may represent a notable advance, although
until the end of the year 2008 we will not be able to
compare the results.?”

With all this in mind, it has to be considered that
estimation is only an rough calculation and not an
exact measurement. To appropriately use the formu-
las, the clinician has to be aware of their limitations.

In our study, we verified the high inaccuracy of the
different used methods to assess renal function, espe-
cially within ranges close to normality, and this accu-
racy improves when GF decreases, we assume that
this is due to the higher accuracy of the measurement
with higher creatinine values.

Recently, the Spanish Society of Nephrology, the
National Kidney Foundation «K/DOQI Clinical Prac-
tice Guideline for Chronic Kidney Disease», and the
European guidelines have recommended to clinical
laboratories to report GF estimations, either by using
the CG formula of the MDRD for adults, together
with the creatinine value.*?8

In view of our results, and once the high inaccu-
racy of estimations has been checked, we find it use-
ful to report as «normal GF» (> 90 mL/min) or
«slightly decreased GF» (60-90 mL/min) and only in
those cases with GFR < 60 mL/min to report the
value obtained. Thus, the clinician will have a more
real and accurate information and the results sent by
the laboratory would be felt as being more reliable.
The National Kidney Disease Education Program
(NKDEP) of the National Institutes of Health (NIH)
and K/DOQ)I guidelines provide with similar recom-
mendations to make a more rational use of equations
estimating the GFR.

Once the limitations of creatinine and the related
equations have been shown, cystatin-C

emerges as a promising tool for managing the
renal-vascular pathology.

The meta-analysis carried out by Dharnidharka et
al.?8 proves this by using correlation coefficients and
ROC curves (area under the curve).

In our study, one striking result is that 1/Cyst shows
better correlation with measured CrCl than with 1/sCr
and as good correlation as with CG and MDRD for-
mulas, in spite of being an independent parameter
that is not implicated in these formulas, by contrast
with creatinine. This indicates its adequate correla-
tion with GF. It is also shown how cystatin-C is very
superior to creatinine regarding the detection of mild
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renal impairment, with a sensibility almost twice as
high and allowing dramatically reducing the rate of
occult CRF obtained with creatinine. Patients benefi-
ting from this test would specially be those with low
muscle mass, such as the elderly and women, which
represent large groups of hospitalized population.
Since it is an exact method and not an estimation,
contrary to equations, it could be a highly valuable
tool for the follow-up and even to assess the progno-
sis of patients with renal failure.

The drawbacks that it may have would be its intra-
individual variability,?? and its change in certain pat-
hologies such as thyroid disease,*° as well as the high
cost as compared with creatinine. Some authors have
also found that cystatin values may be influenced by
the use of corticosteroids or may be related with age,
gender, weight, height, cigarette smoking, or high
CRP levels®!, so that large studies are needed in order
to confirm the interferences that this technique may
have.

The limitations of our study likely are the small
number of patients and the lack of a gold standard, so
that we can only establish mere comparisons and
sense which could be the best method to assess GFR
based on what has been published and in the cohe-
rence of our results. The fact of having included a hig-
her number of male patients may have biased the sen-
sibility results between genders, although this is not a
fact specially concerning, just to approximately know
the differences between creatinine and cystatin-C.
The lack of the height for all patients has prevented us
from correcting the results by body surface area,
which could represent a limitation for comparing bet-
ween the different methods assessing renal function.
However, in seldom occasions these data are availa-
ble in daily practice to carry out corrections, as it is in
our case, so that we verified that there are no diffe-
rences between the different methods. This is likely
due to the fact of working with patients with decrea-
sed renal function, which is precisely the case where
the different methods show the highest level of agree-
ment and thus correcting by body surface area may
have the least impact. Otherwise, we may consider
that the goals of this study have been achieved.

To conclude, measurement of CrCl may be repla-
ced, in most cases, by the use of equations, which
would allow obtaining more readily and accurate re-
sults in patients’ follow-up and saving considerable
amounts of material and health care efforts. In our
case, due to the characteristics of the studied hospital
population (with a predominance of elderly patients
with renal disease) we consider that the MDRD for-
mula is more adequate. As Omar et al.*?, we believe
that cystatin-C may become an appropriate marker
for identifying mild renal disease in large groups of
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people and to assess their progression, specially in
those situations in which formulas are poorly accura-
te and their use is not recommended. Further studies
will be needed to confirm whether this technique
may replace serum creatinine.
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