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Abstract

Background. Current clinical guidelines recommend
that renal transplant recipients (RTRs) be classified
into chronic kidney disease (CKD) stage using a
creatinine-based estimate of glomerular filtration rate
(GFR). However, creatinine-based equations are inac-
curate in RTRs leading to frequent CKD stage
misclassification. It is not known whether the classifi-
cation of CKD stage would be improved using a
cystatin C-based estimate of GFR.
Methods. We measured 99mTc-DTPA GFR, cystatin C
and creatinine in 198 stable RTRs. GFR was estimated
using cystatin C-based equations (Filler, Le Bricon and
Rule) and four creatinine-based equations. We deter-
mined the proportion, overall and by CKD stage, that
were classified correctly by each equation as compared
to the 99mTc-DTPA GFR.
Results. The Filler equation correctly classified 76% of
patients compared to only 65% with the abbreviated
modification of diet in renal disease (MDRD) equation
and 69% with the Cockcroft–Gault equation. In CKD
stages two and four, the Filler equation correctly
classified 77% and 60% of patients whereas the
abbreviated MDRD equation correctly classified
46% and 93% of patients. The area under the curve
by receiver operating curve analysis for overall stage
classification was uniformly poor for all equations
(0.52–0.56).
Conclusions. The cystatin C-based Filler and Le Bricon
GFR estimates classified slightly more patients into the
correct CKD stage than the standard creatinine-based
equations in stable RTRs although the overall
diagnostic accuracies were similar. The differences are

modest and prospective studies will be needed to
determine if the adoption of these equations for
classification would lead to improved recognition of
CKD complications or patient care.
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Introduction

The Kidney Disease Outcomes Quality Initiative (K/
DOQI) of the National Kidney Foundation published
guidelines for the diagnosis and classification of
chronic kidney disease (CKD) in 2002 [1]. These
guidelines recommend that patients with CKD be
evaluated for the severity of renal dysfunction with
a creatinine-based prediction equation [1]. The guide-
lines also recommend that patients be assigned to
one of five stages based on the level of glomerular
filtration rate (GFR). The serum creatinine concen-
tration is a crude marker of GFR [1,2]. Various
creatinine-based equations that incorporate biometric
and other biochemical data have been developed in
an attempt to improve the estimation of GFR[1].
These creatinine-based equations, however, are not
accurate in renal transplant recipients (RTRs) [3–7]
and frequently classify patients into the incorrect CKD
stage [4].

The shortcomings of creatinine and creatinine-based
estimates of GFR have led to the pursuit of alternate
markers of GFR. Serum cystatin C has been shown to
be a more sensitive marker of GFR than serum
creatinine [8]. Cystatin C is a low-molecular-weight
protein that functions as a cysteine protease inhibitor
and is produced at a constant rate by all nucleated
cells [9]. In the kidney, it is freely filtered and then
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catabolized in the proximal tubule [9]. We have
recently shown that the cystatin C-based GFR estima-
tion equations of Filler [10] and Le Bricon et al. [11]
provide a more accurate estimate of GFR than
creatinine or other cystatin C-based equations in 117
stable RTRs [3]. Recently, a novel cystatin C-based
equation, derived from renal transplant recipients, has
been reported [12]. It has not yet been validated in an
independent sample of renal transplant recipients.

The primary objective of this study was to determine
whether an estimate of GFR based on cystatin C,
rather than creatinine, would result in a more accurate
classification of K/DOQI CKD stage in a cohort of
renal transplant recipients. A secondary objective was
to assess the performance of the novel cystatin C-based
Rule equation. GFR was measured with a radio-
isotopic reference standard and also estimated from the
serum cystatin C and serum creatinine concentration
using published equations. We then determined what
proportion of patients was classified into the correct
CKD stage with each prediction equation.

Subjects and methods

Study population

Adult RTRs with stable renal function (<30 mmol/l differ-
ence in creatinine between two most recent values) who were
at least 6 months post-transplant were included in the study.
The exclusion criteria were (i) inability to provide informed
consent; (ii) pregnancy or breastfeeding; (iii) one or more
episodes of acute rejection within preceding 3 months;
(iv) life expectancy<3 months or (v) anticipated graft failure
within 3 months. This analysis includes all enrolled patients
with complete laboratory results as of November 04, 2005.
The Ottawa Hospital Research Ethics Board approved the
study. Three hundred and eight patients met the study
criteria and consent was obtained from 249. Forty-eight
patients withdrew from the study after consent was obtained
but before any investigations were conducted, leaving 201
patients. Since only three patients with a GFR<15ml/min/
1.73m2 met the study criteria, stage five CKD patients were
excluded from the analyses leaving 198 patients in the final
cohort.

Laboratory assessment

The laboratory methods used in this study have been
previously described [3]. In brief, GFR was measured by
the plasma clearance of radiolabelled diethylenetriaminepen-
taacetic acid (99mTc-DTPA) using a single injection of 10
millicuries (370 Mbq) of 99mTc-DTPA and three plasma
samples at 120, 180 and 240min post-injection [13,14].
Standard radiochemical and radiopharmaceutical purity
tests on each preparation of 99mTc-DTPA revealed them to
be on average 99% pure. The well counter was also verified
weekly for count reproducibility. The DuBois formula [15]
was used to estimate body surface area. The GFR was
corrected for standard body surface area by multiplying the
measured value by 1.73 and dividing by the patients’
estimated body surface area. Demographic and medication

data were abstracted from the medical charts on the day
of enrolment into the study. Non-fasting morning
blood sampling for the serum creatinine, urea, albumin and
cystatin C, along with height and weight measurements,
was performed at the time of 99mTc-DTPA GFR
measurement.

A Beckman Coulter LX20 Pro Clinical System using
manufacturer’s reagents (Beckman Coulter Inc, Brea, CA,
USA) and a modified Jaffe reaction were used to measure
serum creatinine. The coefficient of variation for serum
creatinine was 4.9% at 0.6mg/dl (55 mmol/l), 1.7% at 1.7mg/
dl (150mmol/l) and 1.3% at 6.8mg/dl (600mmol/l). A Behring
BN ProSpec analyser (Dade Behring, Marburg, Germany)
with an N Latex cystatin C kit (Dade Behring, Mississauga,
Canada) was used to measure cystatin C. The coefficient of
variation of serum cystatin C was 3.1% at 1.06mg/l, 3.5%
at 2.04mg/l and 6.7% at 5.26mg/l.

Calibration of the Ottawa Hospital serum creatinine to
the modification of diet in renal disease (MDRD) study
laboratory serum creatinine was done as recommended [16].
Fifty samples (range, 0.6mg/dl – 4.0mg/dl) from a variety of
patient sources were sent to the Cleveland Clinic laboratory.
The resulting correlation coefficient was very high (0.989)
and the calibrated creatinine was calculated using the derived
equation [1.076�(Ottawa Hospital serum creatinine) � 0.082].
The calibrated creatinine was used in all analyses involving
the MDRD equations.

GFR was estimated with the creatinine-based MDRD,
Cockcroft–Gault and Nankivell equations [1] and the
cystatin C-based Le Bricon [11], Filler [10] and Rule [12]
equations (Table 1). The Cockcroft–Gault and Nankivell
equations, which are not expressed asml/min/1.73m2, were
adjusted by multiplying the value by 1.73 and dividing by the
patients’ body surface area as estimated by the DuBois
formula [15].

Table 1. Equations to predict glomerular filtration rate using
cystatin C and creatininea

Reference Equation

bFiller and Lepage [10] Log (GFR)¼ 1.962þ [1.123�
log (1/cystatin C)]

bLe Bricon et al. [11] GFR¼ [(78)� (1/cystatin C)]þ 4
bRule et al.[12] GFR¼ 76.6� (cystatin C)�1.16

b,cOriginal MDRD [1] GFR¼ (170)� (Cr) �0.999
�

(age) �0.176
� (urea) �0.170

�

(albumin) 0.318
� (0.762 if female)�

(1.18 if black)
bAbbreviated
MDRD[1]

GFR¼ (186)� (Cr) �1.154
�

(age) �0.203
� (0.742 if female)�

(1.21 if black)
dCockcroft–Gault [1] GFR¼ [(140� age)� (weight)]/[Cr �72]�

(0.85 if female)
d,eNankivell [1] GFR¼ [6700/(Cr�88.4)]þ (weight/4)�

(urea/2)� [100/(height)2]þ 35 (if male)
or 25 (if female)

aCystatin C in mg/l, serum creatinine in mg/dl.
bGFR, glomerular filtration rate in ml/min/1.73m2.
cMDRD, Modification of Diet in Renal Disease, urea in mg/dl,
albumin in g/dl.
dGFR in ml/min, weight in kilograms.
eUrea in mmol/l, height in metres.
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Analysis

CKD stage was determined according to the K/DOQI
classification scheme using both the measured GFR (using
99mTc-DTPA) and the estimated GFR [1]. The proportion of
patients classified into the correct K/DOQI CKD stage by
each prediction equation was then determined. The propor-
tion correctly classified was calculated for the whole study
population as well as for each CKD stage separately.
Receiver operating characteristic (ROC) analysis was per-
formed to determine the diagnostic performance of each
prediction equation to correctly classify patients into CKD
stage. ROC analysis was performed using the MedCalc
statistical package (MedCalc Software, Belgium). Finally, for
each CKD stage according to the measured GFR, the
proportion of patients misclassified into the other CKD
stages was determined for each of the prediction equations.
To complete the analysis, the bias, precision and accuracy
was calculated as recommended in the National Kidney
Foundation guidelines on CKD [1]. Bias was defined as the
mean difference between the measured GFR (using 99mTc-
DTPA) and estimated GFR (estimated GFR - measured
GFR) [1]. Precision was defined as the SD of the difference
between the measured and estimated GFR[1]. Accuracy was
defined as the percentage of GFR estimates lying within 10%
and 30% of the measured GFR [1].

Results

Table 2 shows the baseline characteristics of the cohort.
Patients were predominantly Caucasian (92%).
Nearly all patients (99%) were on low-dose steroids
(<10mg/day). None were on high-dose steroids. The
mean measured GFR using 99mTc-DTPA was
59� 21ml/min/1.73m2. The mean GFR, serum creati-
nine and serum cystatin C concentrations for the cohort
and for each CKD stage are reported in Table 3.

Table 4 shows the bias, precision and accuracy of the
prediction equations for the whole cohort and for
each CKD stage as determined by the measured
(99mTc-DTPA) GFR. The Filler equation showed the
least variation in bias and precision between the
different CKD stages. For stages one, two and three
it had at least 81% of estimates within 30% of
measured GFR and in stage four, 73% of estimates
were within 30% of the measured GFR. The Rule
equation also had consistently high accuracy at all
CKD stages except stage one where only 56% of
estimates were within 30% of the measured GFR.

Classification into K/DOQI chronic kidney
disease stage

Table 5 shows the proportion of estimates and their
corresponding 95% confidence intervals correctly
classified into K/DOQI CKD stage with each predic-
tion equation. Overall, the cystatin C-based Filler and

Table 2. Patient characteristics

Characteristic n¼ 198

aAge (yr) 53� 12 (19–79)
Male [n (%)] 128 (65)
Race [n (%)]

White 182 (92)
Black 5 (3)
Asian 6 (3)
Other 5 (3)

aWeight (kg) 80.0� 17.6 (48–169)
aHeight (cm) 167.8� 9.9 (142.5–200.0)
aBody surface area (m2) 1.89� 0.23 (1.40–2.96)
Living donor [n (%)] 74 (37)
aTime post-transplant (yr) 7.2� 6.9 (0.6–32.9)
Primary transplant [n (%)] 175 (88)
Causes of renal disease [n (%)]

Diabetes mellitus 26 (13)
Polycystic kidney disease 32 (16)
Glomerulonephritis 56 (28)
Hypertension 10 (5)
Other 74 (37)

Medication [n (%)]
Prednisone 195 (99)
Ciclosporin 103 (52)
Tacrolimus 77 (39)
Sirolimus 6 (3)
Mycophenolate Mofetil 133 (67)
Azathioprine 35 (18)
Trimethoprim-sulfamethoxazole 37 (19)

bChronic kidney disease stage [n (%)]
Stage 1, GFR� 90 16 (8)
Stage 2, GFR 60–89 79 (40)
Stage 3, GFR 30–59 88 (44)
Stage 4, GFR 15–29 15 (8)

Cockcroft-Gault eGFR 56� 18 (17–113)
Abbreviated MDRD eGFR 50� 19 (15–117)
Original MDRD eGFR 48� 18 (14–117)
Nankivell eGFR 59� 18 (14–128)
Filler eGFR 59� 21 (17–130)
Le Bricon eGFR 57� 21 (17–130)
Rule eGFR 49� 18 (14–110)
99Tc-DTPA GFR 59� 21 (16–121)

aData expressed as mean� standard deviation (range).
bGFR in ml/min/1.73m2 determined by 99mTc-DTPA.

Table 3. Measurements of serum creatinine, cystatin C and GFR for the study populationa

Creatinine (mmol/l) Cystatin C (mg/l) 99mTc-DTPA GFR
(ml/min/1.73m2)

Cohort 148� 53 (60–361) 1.65� 0.61 (0.73–4.37) 59� 21 (16–121)
bStage 1, GFR� 90 95� 28 (51–148) 1.07� 0.18 (0.42–1.39) 101� 9 (92–121)
bStage 2, GFR 60–89 112� 25 (64–177) 1.27� 0.26 (0.82–2.3) 73� 9 (60–89)
bStage 3, GFR 30–59 164� 45 (79–374) 1.88� 0.44 (1.14–3.12) 45� 8 (30–59)
bStage 4, GFR 15–29 260� 60 (143–353) 2.95� 0.61 (2.27–4.37) 25� 4 (16–29)

aData expressed as mean� standard deviation (range).
bGFR in ml/min/1.73m2 determined by 99mTc-DTPA.
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Le Bricon equations performed best, classifying 76%
and 75% of patients into the correct K/DOQI CKD
stage. The creatinine-based equations along with the
cystatin C-based Rule equation performed less well
with only 60%–70% of patients correctly classified. In
addition, there was greater variation in the proportion
correctly classified according to CKD stage by these
equations. For example, the abbreviated MDRD
equation correctly classified 84% of CKD stage three
and 93% of CKD stage four patients but only 25% of
CKD stage one patients. Similarly, the creatinine-
based equations, Cockcroft–Gault and Nankivell,
classified 83% and 82% of patients in CKD stage
three but only 25% of patients in CKD stage one. The
Rule equation showed the most marked differences
between stages with 13%, 47%, 77% and 93%
correctly classified in stages 1–4, respectively.

The ROC analysis is presented in Table 6. All equations
have a low area under the curve (AUC) indicating that
they have limited ability to distinguish the correct CKD
stage from the other possible CKD stages.

Table 7 shows the distribution of CKD stages by
each prediction equation within each CKD stage as
determined by the measured 99mTc-DTPA GFR. For
patients in CKD stage two, 49% and 53% were
misclassified as stage three when GFR was estimated
using the abbreviated and original MDRD equations.
The Cockcroft–Gault and Nankivell equations also
showed significant underestimation of GFR in stage
two CKD with 33% and 24% misclassified as stage
three. In CKD stage two, the Filler equation mis-
classified 10% as stage one and 13% as stage three
CKD. For patients with stage three CKD,
the abbreviated MDRD and original equations

Table 4. Bias, precision and accuracy of creatinine and cystatin C estimatesa

CKD Stage n Bias Precision Accuracy Within

10% 30%

Estimates using creatinine
Cockcroft–Gault 1 16 �18.5 15.4 19 81

2 79 �6.1 10.9 42 92
3 88 0.9 11.7 30 81
4 15 4.8 8.5 20 60
All 198 �3.2 12.9 33 84

Abbreviated MDRD 1 16 �25.7 16.6 25 50
2 79 �11.7 11.3 28 82
3 88 �5.6 9.3 24 80
4 15 �1.9 8.0 27 67
All 198 �9.4 12.2 29 80

Original MDRD 1 16 �26.2 16.5 25 44
2 79 �12.4 11.3 22 80
3 88 �7.5 8.6 25 77
4 15 �4.0 6.5 33 53
All 198 �10.7 11.6 24 74

Nankivell 1 16 �19.6 17.2 19 69
2 79 �3.3 10.9 46 96
3 88 4.9 9.4 39 77
4 15 6.0 9.6 20 40
All 198 �0.3 12.8 38 81

Estimates using cystatin C
Filler 1 16 �13.3 15.9 31 81

2 79 0.3 12.5 59 91
3 88 2.1 8.5 36 90
4 15 3.3 5.3 27 73
All 198 0.2 11.5 44 88

Le Bricon 1 16 �22.1 12.6 12 69
2 79 �5.1 10.1 53 95
3 88 1.9 7.2 43 91
4 15 6.3 4.7 20 73
All 198 �2.5 11.2 43 89

Rule 1 16 �27.7 14.0 12 56
2 79 �12.1 10.9 16 87
3 88 �6.5 7.5 31 84
4 15 �2.2 4.5 33 87
All 198 �10.1 11.2 24 83

aCKD stage as determined by the measured (99mTc-DTPA) GFR; Bias was defined as the mean difference between measured (99mTc-DTPA)
and estimated GFR (estimated GFR-measured GFR); precision was defined as the standard deviation of the difference between measured
(99mTc-DTPA) and estimated glomerular filtration rate; both precision and bias were expressed as ml/min/1.73m2; accuracy was defined as
the proportion of values that were within 10% or 30% of the measured (99mTc-DTPA) glomerular filtration rate.
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tended to underestimate the GFR with those mis-
classified categorized as stage four (12% and 17%). On
the contrary, the patients misclassified by the
Nankivell, Le Bricon and Filler equations were
mostly designated as stage two.

Discussion

This study demonstrates that the cystatin C-based
prediction equations of Filler and Le Bricon, are more
sensitive at classifying patients into the correct
K/DOQI CKD stage than the conventional creati-
nine-based equations and the novel cystatin C- based
Rule equation. However, no equation has superior
diagnostic properties as evidenced by the uniformly
poor results from the ROC analysis. The Filler
equation showed a more consistent performance
across all stages of CKD than the other equations.
Importantly, the Filler equation correctly classified
77% of stage two CKD patients. The abbreviated and
original MDRD equations were significantly worse
with less than half of patients being correctly classified
in stage two. Although derived from renal transplant
recipients, the novel cystatin C–based Rule equation
did not perform as well as the other two cystatin

Table 5. Proportion of patients classified into the correct K/DOQI chronic kidney disease stagea

All Stages (n¼ 198) Stage 1 (n¼ 16) Stage 2 (n¼ 79) Stage 3 (n¼ 88) Stage 4 (n¼ 15)

Estimates using serum creatinine
Cockcroft–Gault 136 4 50 73 9
%, (95% CI) 69 (62–75) 25 (10–50) 63 (52–73) 83 (74–89) 60 (36–80)
Abbreviated MDRD 128 4 36 74 14
%, (95% CI) 65 (58–71) 25 (10–50) 46 (35–57) 84 (75–90) 93 (70–99)
Original MDRD 118 2 34 70 12
%, (95% CI) 60 (53–66) 13 (4–36) 43 (33–54) 80 (70–87) 80 (55–93)
Nankivell 138 4 55 72 7
%, (95% CI) 70 (63–76) 25 (10–50) 70 (59–79) 82 (73–89) 47 (25–70)

Estimates using cystatin C
Filler 151 7 61 74 9
%, (95% CI) 76 (70–82) 44 (23–67) 77 (67–85) 84 (75–90) 60 (36–80)
Le Bricon 148 2 61 78 7
%, (95% CI) 75 (68–80) 13 (4–36) 77 (67–85) 89 (80–94) 47 (25–70)
Rule 121 2 37 68 14
%, (95% CI) 61 (54–68) 13 (4–36) 47 (36–58) 77 (68–85) 93 (70–99)

aChronic kidney disease stage as determined by the measured (99mTc-DTPA) glomerular filtration rate; data represents numbers and percent
of patients classified into the correct chronic kidney disease stage.

Table 6. Area under the curve (AUC) from receiver operating
characteristic analysis for chronic kidney disease stage classification

Equation AUC (95% CI)

Cockcroft–Gault 0.54 (0.46–0.61)
Abbreviated MDRD 0.56 (0.49–0.63)
Original MDRD 0.53 (0.46–0.60)
Nankivell 0.52 (0.45–0.59)
Filler 0.56 (0.48–0.62)
Lebricon 0.55 (0.48–0.62)
Rule 0.53 (0.46–0.60)

Table 7. Classification of estimation equations by CKD stagea

CKD stage by
99mTc-DTPA GFR

1
(n¼ 16)

2
(n¼ 79)

3
(n¼ 88)

4
(n¼ 15)

CKD stage by
Cockcroft-Gault
equation

1 25 4 0 0
2 69 63 11 0
3 6 33 83 40
4 0 0 6 60

5 0 0 0 0

CKD stage by
original MDRD
equation

1 12 4 0 0
2 56 43 1 0
3 31 53 80 7
4 0 0 17 80

5 0 0 2 13

CKD stage by
abbreviated MDRD
equation

1 25 5 0 0
2 44 46 2 0
3 31 49 84 7
4 0 0 12 93

5 0 0 2 0

CKD stage by
Nankivell Equation

1 25 6 0 0
2 69 70 14 0
3 6 24 82 47
4 0 0 4 47

5 0 0 0 6

CKD stage by
Filler Equation

1 44 10 0 0
2 56 77 11 0
3 0 13 84 40
4 0 0 4 60

5 0 0 1 0

CKD stage by
Le Bricon
Equation

1 12 3 0 0
2 88 77 9 0
3 0 20 89 53
4 0 0 2 47

5 0 0 0 0

CKD stage by
Rule Equation

1 12 2 0 0
2 69 47 3 0
3 19 50 77 0
4 0 1 19 93

5 0 0 1 7

aPatients were divided into K/DOQI CKD stage by measured
(99mTc-DTPA) GFR. CKD stage was then determined using the
creatinine and cystatin C based formulas. Data represent the
proportion of patients classified in each stage. The bold values
signify, the percentage of patients in a given measured (99mTc-
DTPA) CKD stage correctly classified by the prediction equation.

CKD staging in renal transplantation 3017

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/22/10/3013/1830979 by guest on 10 April 2024



C-based equations in our population. Particularly, the
Rule equation had a very high negative bias in CKD
Stages one and two (�27ml/min/1.73m2 and �12ml/
min/1.73m2). The reason for this remains unclear and
warrants further study. Differences in reference study
measures (renal iothalamate clearance vs plasma
99mTc-DTPA clearance) are unlikely to account for
these findings [17]. Further evaluation of the perfor-
mance of these novel equations is warranted in
populations distinct from the derivation sample.

Our findings are similar to a recent report by
Mariat et al. [4] which examined the performance of
the creatinine-based prediction equations (Cockcroft–
Gault and MDRD) in 284 renal transplant recipients.
They found that the abbreviated MDRD equation
classified 63% of patients into the correct K/DOQI
CKD stage, which is similar to the value of 65% in our
current study. They concluded that the K/DOQI
guidelines could be flawed with respect to transplanta-
tion and that the original recommendations regarding
GFR evaluation be revised [4].

The K/DOQI CKD classification scheme based
on GFR was designed in part to highlight what
complications should be anticipated, investigated and
treated in patients with CKD [1]. The use of this
classification scheme is justified on the basis that
complications of renal failure correlate with stage of
CKD [1]. Karthikeyan et al. [18] have demonstrated
a high prevalence of CKD complications such as
anaemia, hypocalcaemia, hyperphosphataemia, hyper-
tension, metabolic acidosis and hypoalbuminaemia in
a large cohort of RTRs The prevalence of these
complications increased significantly with CKD stage
as determined by the abbreviated MDRD GFR.
Despite this, only 27% of patients with significant
anaemia were on erythropoietin therapy [18]. In
addition, the majority of hyperphosphataemic and
hypocalcaemic patients were not on phosphate binders
or calcium supplements. These findings suggest that
CKD complications are not always appropriately
identified in renal transplant recipients. In this study,
the greatest value of the Filler equation over the
creatinine-based equations was seen in CKD stage two.
Since CKD complications are less prevalent in Stage
two [18], it is unlikely that more CKD complications
would be recognized with the use of a cystatin C-based
GFR estimate. However, classification using cystatin C
would lead to less false positive labelling of transplant
recipients as having CKD. This may result in more
efficient clinical care if management guidelines based
on CKD stage are strictly followed [1].

There are conflicting reports in the literature
regarding the direction and degree of bias of the
creatinine-based equations in renal transplant recipi-
ents. In some studies, the MDRD equation under-
estimates GFR [3,12,19] leading to a negative bias,
while in others, it over-estimates GFR [4–6] leading to
a positive bias. The reasons for these differences are
likely multi-factorial. First, with the exception of one
other study [6], serum creatinine was not calibrated
to the MDRD study laboratory. Differences between

laboratories in creatinine calibration can have pro-
found effects on GFR estimation [16]. Second, the
GFR spectrum varied between studies. We and others,
have demonstrated significant differences in equation
performance at different levels of GFR, with greater
negative bias and worse precision for the MDRD
equation at higher GFR [3,4]. Almost half of our
cohort had GFR measures >60ml/min/1.73m2. It is
therefore not surprising that we found an overall large
negative bias for the MDRD equation. The inclusion
of significant numbers of patients with relatively well-
preserved GFR likely reflects the care taken during
recruitment to ensure that patients with lower creati-
nine values were enrolled. Finally, differing methodol-
ogies were used to measure GFR, which likely
contributed to some of the noted differences between
equation performance.

In contrast to our findings, Poge et al. [5] have
recently shown that the bias and accuracy of the
abbreviated MDRD and Filler equations were similar
in a cohort of renal transplant recipients. The mean
GFR in this cohort was 39.5ml/min/1.73m2, which
was significantly lower than in our study and may
explain the discrepant findings. Unfortunately, they do
not report how well each equation classified patients
into CKD stage, which prevents a direct comparison
with our findings.

The strengths of this study include the measurement
of cystatin C, serum creatinine and 99mTc-DTPA GFR
on the same day. As well, all serum creatinine values
were measured in the same laboratory and were
calibrated to the MDRD study laboratory, as recom-
mended for the evaluation of the MDRD equations
[1,16]. However, limitations to the study should be
noted. First, the population is largely Caucasian.
Although cystatin C levels appear to be independent
of race [9], firm conclusions regarding the classification
of CKD stage in non-Caucasian populations cannot be
made from our data. Second, we did not measure
thyroid function, which is known to affect cystatin C
independently of changes in GFR [9]. It is, however,
improbable that there would be substantial unrecog-
nized thyroid dysfunction in this group of patients who
receive regular medical care. Third, we only measured
cystatin C once in each patient. There is conflicting
data about the intra-patient variability of cystatin C
[9]. However, recent evidence suggests that intra-
patient variability is lower for cystatin C than for
creatinine [20]. Fourth, there were small numbers of
patients with CKD stages one and four, limiting our
ability to conclusively distinguish differences in classi-
fication ability between equations in these stages.
Fifth, almost all of our patients were on low-dose
steroids (<10 g/day). There is mounting evidence that
low-dose steroids does lead to an increase in cystatin C
levels independently of GFR [9,21]. It is relevant to
note that, despite a potential confounding effect of
low-dose steroids on the cystatin C level, the cystatin
C-based equations of Filler and Le Bricon still
underestimated GFR to a lesser degree than the
creatinine-based equations. Finally, 37 patients were
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on trimethoprim-sulfamethoxasole, which could affect
the performance of the creatinine-based equations.
We determined the bias, precision and accuracy of the
creatinine-based equations in patients receiving and
not receiving trimethoprim-sulfamethoxasole (data
not shown). Those on trimethoprim-sulfamethoxasole
demonstrated greater biases than those not on
trimethoprim-sulfamethoxasole. The effect of
trimethoprim-sulfamethoxasole on equation perfor-
mance was greatest for the abbreviated and original
MDRD equations with 30% accuracy of only 62% and
60%, respectively. This is perhaps not surprising given
that these equations were developed in patients who
were not prescribed trimethoprim-sulfamethoxasole.
Nevertheless, the accuracy of the Filler and Lebricon
equations remained superior to the creatinine-based
equations in the cohort not on trimethoprim-
sulfamethoxasole.

GFR was measured using the plasma clearance of
99mTc-DTPA. To our knowledge, there is no published
data comparing the performance of the various
available GFR markers (inulin, iothalamate, 99mTc-
DTPA) and clearance techniques (plasma and renal) in
renal transplant recipients. In the non-renal transplant
population, comparative studies are limited by small
sample sizes, non-standardized plasma collection pro-
tocols and the reliance on spontaneously voided urine
collections. 125I-Iothalamate and 99mTc-DTPA are the
most commonly used GFR markers in both clinical
practice and experimental protocols. Morton et al. [17]
reported an excellent correlation between renal
125I-Iothalamate clearance and plasma 99mTc-DTPA
clearance (r¼ 0.966) with no significant difference
between pairs of GFR values in 18 patients with
GFR values greater than 20ml/min. Rehling et al.[13]
have demonstrated an equally robust correlation
(r¼ 0.97) between plasma clearance of 99mTc-DTPA
and renal clearance of inulin in a study of 20 patients
with CKD. On average, plasma 99mTc-DTPA clear-
ance overestimated inulin renal clearance by only
3.5ml/min. However, no patient had a measured
inulin GFR >80ml/min. It is possible that the
accuracy of the 99mTc-DTPA GFR is lower at higher
GFRs. The absence of evidence supporting this
putative overestimation precludes any estimation of
the effect on study results. GFR measurement techni-
ques are awkward, expensive and time consuming. The
simultaneous measurement of GFR using two or more
techniques is generally too cumbersome for routine
study protocols. There is however, a pressing need for
high quality studies exploring the differences between
the various GFR measurement techniques across the
spectrum of GFR.

In conclusion, this analysis has shown that the
estimated GFR based on cystatin C does improve the
classification of RTRs into the correct K/DOQI CKD
stage. However, the improved classification appears
modest and is limited to earlier stages of CKD where
complications are less prevalent [18]. Furthermore,
cystatin C is considerably more expensive and less
available than serum creatinine. Until, prospective

studies demonstrate that the adoption of these
equations for classification leads to improved recogni-
tion of CKD complications or patient care, there is
likely no benefit of their use for the purpose of
classification and CKD staging in routine clinical care
of renal transplant recipients. Classification using
cystatin C equations may, however, lead to less
misclassification at the population level in studies
examining CKD in transplantation. The improved
accuracy and classification ability of the Filler and
Lebricon equations at higher levels of GFR needs
further study in non-transplant patients where
CKD stage misclassification by the creatinine-based
equations is a significant problem.
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