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Abstract

Introduction and aim: The most accurate way of measuring kidney function in GFR. Clinical
formulas based on creatinine measurement may be inaccurate mainly in elderly patients (over
80 years of age). In this study we evaluated the accuracy of commonly used clinical formulas
by comparing them with a direct measurement with [99mTc]-DTPA ([99mTc]-diethylene-triamine-
peracetic acid) in a population of patients aged eighty and older.

Material and methods: 47 patients (27 males and 20 females) with an average age of
81.9 + 1.7 years, 80% already diagnosed with Chronic Kidney Disease (CKD), were investigated.
Two plasma samples were collected between 60-90 and 165-190 minutes after the injection of
[99mTc]-DTPA and GFR were calculated. Results: When comparing the GFR values obtained
from the various formulae by creatinine levels with the GFR value obtained by measuring [99mTc]-
DTPA residue, the following concordance values emerged: (1) MDRD: 55.3%, (2) Cockroft-Gault
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55.3% (3) CKD-EPI 57.5% (4) BIS-1 51.1%.

Conclusion: Our data show a poor correlation between all clinical methods and [99mTc]-

DTPA, which remains a gold standard for the direct measurement of GFR.

Introduction

The incidence of Chronic Kidney Disease (CKD) grows
with aging and for this reason, it is becoming a public health
problem in Western and Eastern Countries [1,2]. In the
Literature it has been reported that the proportion of elderly
people with CKD represents 53.07% of all elderly patients
[3]. Accurate measurement of the glomerular filtration rate
(GFR) is a key factor for an early diagnosis, rational staging,
and effective management of chronic renal failure.

The formulas for estimating kidney function using serum
creatinine are influenced by several variables such as muscle
mass, dietary protein intake and systemic diseases [4]. For this
reason, algorithms including variables other than creatinine
have been widely investigated. Cystatin-C presents some
advantages with respect to creatinine for the estimation of
GFR, suchasserum concentrationsindependence by muscular
mass, absent tubular secretion, complete tubular resorption,
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and higher sensitivity in identifying initial stages of impaired
kidney function. As a result, formulas including cystatin have
shown to be superior for determining GFR: for this reason,
formulas containing Cystatin-C rather than creatinine have
gradually entered clinical use mainly for elderly people [5].
Additionally, equations incorporating serum creatinine and
cystatin C tend to be particularly promising when compared
with equations that use serum creatinine and Cystatin-C
apart [6].

As already demonstrated in two of our previous works
[7,8] we found, especially in elderly patients, significant
differences using [99mTc]-DTPA compared with clinical
methods.

The purpose of the present work was to evaluate the
accuracy of the most common clinical formulas, namely the
formulas of Cockroft Gault, IDMS-MDRD, CKD-EPI and the
more recent Berlin initiative Equation (BIS1) [9] comparing
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them with the isotopic method that uses [99mTc]-DTPA, in
patients with an age greater than or equal to 80 years.

Materials and methods
Patients

Our sample included a total of 47 patients, of whom 27
were males and 20 females, with an average age of 81.9 + 1.7
years. Each patient gave informed consent. The work
described was carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki). The most recent creatinine values available for
each patient were considered, and their levels were
determined in our analysis laboratory; the average creatinine
values are 1.80 + 0.80, with a maximum of 3.8 and a minimum
of 0.57. With these values, the GFR was calculated using the
different formulas available:

(1) MDRD: GFR 38.6 + 19.6 ml/min;
(2) Cockroft - Gault: 33.7 # 15.0 ml/min;
(3) CKD-EPI: 38.6 + 18.5 ml/min;
(4) BIS1: 35.6 + 13.4 ml/min.
GFR calculation based on the [99mTc]-DTPA method

[99mTc]-DTPA bio-distribution is well represented by
a bi-compartment model: the chelate mixes between the
vascular and extravascular space and is removed from the
plasma by glomerular filtration in the kidneys. This model
generates a bi-exponential plasma clearance curve following
the initial mixing phase of [99mTc]-DTPA in plasma. It is
possible to approximate bi-exponential plasma clearance
curves to a mono-exponential plasma clearance curve;
assuming that clearance is only by glomerular filtration, the
GFR would be described as follows:

Q
fgc(t)dt

Where Q is the amount of [99mTc]-DTPA injected and c(t)
its plasma concentration [10].

[99mTc]-DTPA (TechneScan®DTPA, Mallinckrodt) was
prepared in accordance with the European Pharmacopoeia,
Monograph 642 and the quality control of the radiochemical
purity, performed by ITLC-SG chromatography, always gave
a value >95%. The needle for the infusion set was placed in
a peripheral vein. About 180 MBq of [99mTc]-DTPA were
injected. Residual activity in the syringe was less than 2% of
the dose. Two EDTA blood samples were collected, the first
between 60 and 90 minutes and the second between 165
and190 minutes post-injection, using a vein other than the
one used for the injection. After centrifugation at 1500 g,
duplicate samples of plasma were pipetted, counted in
a gamma counter (COBRA auto gamma, Packard) and
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cross-calibrated weekly with a dose calibrator (PET-DOSE
Comecer, Italy).

The GFR was calculated in accordance with the Russell
two-samplemethod [11]and guidelines[12,13] and expressed
as ml/min/1.73 MQ. Body surface area was calculated using
the DuBois & DuBois formula [14]. The calculated GFR
values were always compared with the images and the semi-
quantitative data obtained from renal scintigraphy.

Serum creatinine determination and creatinine-based
formulae

Serum creatinine (Screat, mg/dl) was measured at the
time of the scintigraphic examination using an automatic
system, Vitros 5600 (Roche Diagnostic GmbH, Mannheim), by
peroxidase-catalyzed oxidation, with a method standardized
to IDMS (Isotope Dilution Mass Spectrometry). [99mTc]
DTPA GFR values were compared with the GFR values
measured using the following Screat-based formulae: CG
formula, IDMS-MDRD formula, CKD-EPI formula, Berlin
initiative Equation (BIS1) [15] (Table 1).

Statistical analysis

All differences were tested against each other for
significance using the t-test (a two-tailed p < 0.05 was
consideredsignificant) and the square of Pearson’s correlation
coefficient (R2). To compare the four alternative methods
used for patient classification, two different statistical tests
were performed. The first one simply computed agreement
as the percentage of exact agreements observed in the data
set. The second one considered the statistical procedure of
Bland and Altman [16] and was used to compare the four
alternative methods with [99mTc]-DTPA. The limits of
agreement between the two different methods were defined
as the mean * 1.96 SD of the difference between the methods.

Results

When comparing the GFR values obtained from the
various formulae by creatinine levels with the GFR values
obtained by measuring [99mTc]-DTPAresidue, the following
concordance values emerged (Figures 1-4): MDRD: 55.3;
Cockroft-Gault: 55.3; CKD-EPI: 57. 5; BIS1: 51.1

The lower percentage of agreement was found between
GFR measured with the [99mTc]-DTPA and GFR measured
with BIS1; on the contrary, the highest percentage of
agreement was found with GFR calculated with the CKD-EPI
formula. Cockroft-Gault and MDRD showed to be equivalent,
with a level of agreement reaching nearly 55%.

For each formula, the greatest agreement was obtained
for GFR values between 45 and 30 ml/min.

Assuming GFR values were measured with [99mTc]-
DTPA as a reference, each type of formula was assessed in
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MDRD formula

Formula Equation
CG formula  |Creatinine Clearance (ml/min/1.73 m2 ) ={([140-age] x weight) / (Screat x 72)} x(0.85 in women)
The IDMS-  [GFR (ml/min/1.73 m2 } = 175 x Screat-1.154 x age —0.203 (x 0.742 if female) (x 1.212 if African ethnicity)

CKD-EPI GFR (ml/min/1.73 m2) = 144 x (Screat / 0.7)-0.329 x 0.993 age (x 1.15 if African ethnicity)
formula if Screat < 0.7 mg/d
Women
GFR (ml/min/1.73 m2) = 144 x (Screat / 0.7)-1.209 x 0.993 age (x 1.15 if African ethnicity)
if Screat 0.7 mg/d|
CKD-EPI GFR (ml/min/1.73 m2) = 141 x (Screat / 0.9)-0.411 x 0.993 age (x 1.16 if African ethnicity)
formula if Screat=0.9 mg/dl
men

GFR (ml/min/1.73 m2) = 141 x (Screat / 0.9)-1.209 x 0.993 age (x 1.16 if African ethnicity)
if Screat »0.9 mg/

Berlin initiative
Equation (BIS1)

3736 x creatinine-0.87 x age-0.95 x 0.82 (if female)

Table 1:
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order to evaluate the differences in allocating patients with
respect to classes of Chronic Kidney Disease (CKD) as defined
by Lewey AS, etal. [17].

MDRD: the formula returned to a lower level of GFR
for 17% of patients compared to the values obtained with
[99mTc]-DTPA; in particular, they were all classified in
the lowest stage of IRC (V). On the contrary, the formula
overestimated GFR in 27.7% of patients, 23.4% of them
being classified one stage higher and 4.3% two stages higher
of CKD with respect to values measured with [99mTc]-DTPA.

COCKROFT-GAULT: the formula detected GFR for 25.5%
of patients compared to the values obtained with [99mTc]-
DTPA; in particular, 23.4% were classified in a lower stage
of CKD, 2.1% two stages lower. On the contrary, the formula
overestimated GFR in 19.1% of patients, 17% of them being
classified one stage higher and 2.1% two stages higher of CKD
with respect to the values measured with [99mTc]-DTPA.

CKD-EPI: the formula got a worse GFR for 19.1% of
patients compared to the values obtained with [99mTc]-
DTPA; in particular, all of them were classified in a lower
stage of CKD. On the contrary, the formula overestimated
GFR in 23.4% of patients, 21.3% of them being classified one
stage higher and 2.1% two stages higher of CKD with respect
to values measured with [99mTc]-DTPA.

BIS1: the formula detected a worse GFR for 25.5% of
patients compared to the values obtained with [99mTc]-
DTPA; in particular, 17% were classified in a lower stage of
CKD, 2.1% two stages lower and 6.4% three stages lower.
On the contrary, the formula overestimated GFR in 25.5% of
patients, 17% of them being classified one stage higher, 6,4%
two stages higher, and 2.1 three stages higher of CKD with
respect to values measured with [99mTc]-DTPA.

Bland Altman'’s analysis is fully represented in Figures 5-8.

Discussion

For patients aged 80 years old and older, the GFR
estimated with formulas used in the clinical setting is
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moderately reliable, stabilizing at values close to 60% for
EPI, CKG and MDRD and lower for BIS1.

For the category of patients taken into consideration, the
best agreement was found for the CKD-EPI formula, which is
not widely used in the clinical setting, where the use of MDRD
and, if anything, of Cockroft-Gault, prevails. However, they
have percentage agreement values that are not very different
from EPIL.

In a recent study, we demonstrated that the level of
concordance between [99mTc]-DTPA and clinical formulae
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was greater in patients younger than 70 years old than in
those aged 70 and above (8). In that paper, we showed that
MDRD and CKD-EPI equations perform better in younger than
older people also if the group of patients aged eighty or older
was small. In this paper, we filled this gap by demonstrating
that MDRD and EPI perform well also for older patients with
a high agreement with the [99mTc]-DTPA measures, with
similar levels of accuracy.

Therefore, the differences existing between the formulas
thatestimate the filtrate and a nuclear medicine measurement
method with [99mTc]-DTPA have been confirmed; the
[99mTc]-DTPA calculation produces values that are closer
to the real values of GFR, as confirmed by Bland Altman’s
analysis which shows the superior value of the direct
measurement allowed by [99mTc]|-DTPA measurement over
the estimation of GFR indirectly obtained by clinical formulas.
In fact, the standard deviations of the differences are clinically
intolerable (s.d.: EPI: 12.89; Cockroft Gault 11.48; MDRD 13.8,
BIS1 11.86) and therefore the GFR values calculated with
clinical methods are not comparable with those measured
with [99mTc]-DTPA. The values obtained from the calculation
of the GFR with [99mTc]-DTPA is well correlated with the
images and semi-quantitative measurements obtained from
the renal scintigraphy unlike the clinical GFR values obtained
with the calculation of creatinine. The direct measurement
of the GFR can have an important and sometimes decisive
impact on the clinical management of the patient, allowing
to assume correct therapeutic decisions; for many categories
of patients and in certain clinical scenarios it is necessary
to correctly know, the highest level of confidence possible,
the real value of GFR in order to monitor the effects on the
kidney function of drugs such as chemotherapic or new
anticoagulant drugs.

Further studies are needed to confirm these results, but
certainly, our study highlights the utility of the method which
directly calculates the GFR with [99mTc]-DTPA mainly in
particular groups of patients. Therefore, we suggest including
renal scintigraphy with [99mTc]-DTPA integrated with GFR
calculation in order to obtain values as close as possible
to the real renal function also in older patients where the
probability of the presence of comorbidities is higher.
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