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Abstract

Aim: The present study aims at comparing the glomerular filtration rate (GFR) values obtained by using
Cockcroft-Gault (CG) formula and DTPA renography in different renal disorders.

Material and method: This retrospective study consists of 50 patients diagnosed with renal disorders. Out of
50 patients, 25 were males (50%) in the age range of 7 to 60 with the mean age of 31+16 and remaining 25
were females (50%) in the same age range with the mean age of 34+14 refered to us for various renal
disorders. Renal scans were done using Siemens dual head gamma camera (E.CAM). The radio
pharmaceutical **™ Tc-DTPA was used and injected intravenously. The dose used for the adults was in the
range of 3 to 5 mCi (111 to 185 MBq) and the dose used for the children was in the range of 1 to 3 mCi (37 to
111 MBq), the images were processed by using GFR/Renal differetial processing protocol in icon software.
Result: The mean total GFR by DTPA Gates method was 71.3 + 20.8 ml/min and by the Cockroft Gault (CG)
method was 73 + 20.2 ml/min. The difference was statistically insignificant indicating an agreement between
both the methods in measuring GFR.

Conclusion: The results of the present study suggests that the Gates method used in DTPA renography
provides almost equal estimation of GFR in patients with different renal disorders when compared to CG
method.

Key words: *™ Tc-DTPA Renography, Gamma camera, GFR, CG formula.

Introduction

Generally GFR is assessed by measuring the
concentrations of serum markers, these Serum
markers are also called as endogenous substances
such as blood urea, nitrogen and serum creatinine
(Scr).The other method which is applied for
determining the GFR is to measure the clearance of

exogenous substances such as inulin, iohexol,
chromium-51-ethylenediaminetetraacetic acid
(EDTA), technetium-99m labeled diethylene

triamine penta acetic acid (Tc-99m DTPA) or 1-125

labeled iothalamate ™. There are different methods
or equations to determine the GFR such as,
Modification of Diet in Renal Disease (MDRD)
Study equation, Cockcroft-Gault (CG) formula,
Chronic Kidney Disease Epidemiology
Collaboration developed recently a new equation
(CKD-EPI) for the GFR estimation and the
techniques using radioisotopes such as Tc-99m-
DTPA (DTPA renography), have also been
developed for instant assessment of GFR.
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The aim of this study was to compare the GFR
value obtained from the CG method and by Tc-
99m-DTPA renography which uses Gate's equation
for the evaluation of the GFR and to corroborate the
dependibility of the DTPA renography. This
equations are based on the linear relationship of the
renal uptake of Tc-99m-DTPA in the Gates and
serum creatinine in the CG.

CG equation

Cockcroft-Gault (CG) equation is named after the
scientists who first published the formula, it is most
commonly used as a method of estimating GFR in
ml/min (eventhough it was developed as a method
of determining creatinine clearance) from
knowledge of serum creatinine, age and weight.
This formula expects patient weight to be measured
in kilograms (Kg), patient age and Serum-creatinine
(Scr) value to be measured in mg/dL. This equation
is helpful because the calculations are simple and
can often be performed without the aid of a
calculator.

ml) _ (140 — Age)X (Weight)

GFR (
(SCr X 72)

min
Gates method
The renal software utilizes gate's formula for the
calculation of the GFR. The parameters like height
of the patient (in cm), weight (in Kg) and the age (in
years) are given as input according to the program.
Total renal uptake (%) =

R—RB , L—LB
[ e HX + e‘“X]

(Preinjection — Postinjection counts)

where, R = right kidney counts, RB = right kidney
background counts, L = left kidney counts, LB =
left kidney background counts and p = linear
attenuation co-efficient of *™Tc in soft tissue which
is equal to 0.153 and x is kidney depth given by the
equations below which are also known as Tonnesen
equations 2.

Depth of right kidney = 13.3-y + 0.7

Depth of leftt kidney = 13.2-y + 0.7

where,
_ Weightin kg
y= Height in cm

The total GFR in ml/min is computed as follows I,

GFR =RU - (9.8127) — (6.82519)
From the above mentioned equation, it is evident
that the depth of the kidneys is an important factor
in the computation of GFR by Gates method.

Materials and methods

From the DTPA renal scans done between the
month of Nov 2013 to Jun 2014, 50 renal scans
which were done without the intravenous Lasix
introduction were selected for this study of
comparing the GFR values obtained from the CG
formula and by the DTPA renography in various
renal disorders such as Hydronephrosis (HDN),
Pyeloplasty, Calculus, Genitourinary Tuberculosis
(GUTB) and Poor Functioning Kidney (PFK) or
Non Functioning Kidney (NFK).

This retrospective study includes 50 patients. Out of
50 patients, males were 25 (50%) and females were
also 25 (50%). Males in the age range of 7 to 60
years with the mean age of 31+16 and the females
also in the age range of 7 to 60 years with the mean
age of 34+14 (See tables 1-3).

The group consisted of Pyeloplasty cases in 17
patients (34%), Calculus in 11 patients (22%),
Hydronephrosis (HDN) in 12 patients (24%), and
Genitourinary Tuberculosis (GUTB) in 7 patients
(14%) and the Poor Functioning Kidney (PFK) in 3
patients (6%).

These Renal scans were done using Siemens
computerized dual head gamma camera (E.CAM)
equipped with the Low Energy All-Purpose (LEAP)
collimator. Tc99m-DTPA was prepared by using a
commercially available freeze-dried kit from the
Board of Radioisotope Technology (BRIT),
Mumbai, India. Generally, the dose used for the
adults was in the range of 3 to 5 mCi (111 to 185
MBq) and for the children it was in the range of 1 to
3 mCi (37 to 111 MBq).
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The patients were positioned posteriorly in the
supine position using a large field of view
scintillation camera such that the kidneys were
included in the imaged field. Whereas, the
Xiphisternum and the Pubic symphysis were
positioned in the upper part and the lower part of the
detector or camera respectively. Before the injection
of the radiopharmaceutical *™Tc-DTPA, the pre-
injection counts were obtained for 60 seconds. After
this the radiopharmaceutical was administered
intravenously into an anticubetal vein through bolus
injection over the gamma camera, the transit of
tracer through the kidneys was recorded. Image
acquisition was started with the appearance of the
aortic line in the display and the data was acquired
in frame mode. Initially, images were acquired at a
rate of 2 seconds per frame for 60 seconds to assess
the renal perfusion followed by 30seconds per
frame for 90 frames. Immediately after patient
image acquisition, post-injection counts followed by
the anticubetal counts were obtained for 60 seconds
each. The diuretic renogram protocol was used for
the acquisition purpose and was done using 256 x
256 matrix size.

Injected radioactivity was defined as the difference
between pre-injection and post-injection counts,
measured in counts per second [3*4]. After the
completion of the image acquisition the images
were processed by using icon software. The Renal-
Time Activity Curve (TAC) and GFR (according to
the Gates’ algorithm) were obtained after the
processing.

Table 1: Age and gender distribution

Table 2: Descriptive statistics for males

Parameters (For Males) Mean + SD
Weight 50 + 13 Kg
Age 31.5+ 16 Years
Serum creatinine 1.1 + 0.4 mg/dl

Table 3: Descriptive statistics for females

Parameters (For Mean = SD
Females)

Weight 47 + 11 Kg

Age 34.9 + 14 Years
Serum creatinine 0.99 + 0.35 mg/dl

Results

In our study on 50 patients diagnosed with different
renal disorders, the GFR values obtained by
Cockcroft-Gault formula and DTPA renography
showed no significant differences. The mean total
GFR by DTPA Gates method was 71.3 = 20.8
ml/min and by the Cockroft Gault (CG) method was
73 £ 20.2 ml/min.

The statistical analysis such as p value test and the
Pearson Correlation Coefficient for both the
methods to check the correlation between the GFR
values were also done. The P value was found to be
0.921 between the GFR obtained from CG method
and GFR estimated by DTPA renography. But the
Pearson Correlation Coefficient (r) between the
GFR obtained from CG method and GFR estimated
by DTPA renography was found to be 0.97
(Figurel, where x=GFR from CG method and
y=GFR from Gates method for all 50 patients).

Table 4: Descriptive statistics for the measurement
of GFR

Parameters Number Percentage Age range GFR Mean SD o) r value
(Years) value

Number — of 25 50 % 7-60 From *"Tc|71.3 20.8 |0.921 |[0.97

Male patients DTPA scan

Number  of 25 50 % 7-60 From cG |73 20.2

Female Method

patients

Total number 50 100 % 7-60

of patients
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Figure 1: Correlation between the CG method and
Gates method.

Discussion

The P value obtained is more than the significant
level i.e. P > 0.05 and this difference is considered
to be not statistically significant. The Pearson
Correlation Coefficient (r) value obtained was 0.97,
any value between 0.9 and 1.0 means that the GFR
obtained from both the methods are highly
correlated. And the correlation graph (Graph 1) also
shows good linear relationship.

Comparing the various methods by determination of
GFR by99mTc DTPA by Gate’s renography and
predicted creatinine clearance by the Cockroft Gault
(CG) equation in 36 patients, Assadi et al.
concluded that Gates method is more precise than
the CG method . Similarly Peterson et al. [©
observed that 99mTc renography is more accurate
than 24 hrs creatinine clearance and is acceptable
for clinical use in patients with reduced renal
function. He also noted that “™Tc-DTPA
renography provides notable information such as
quantitative  individual renal function and
pathophysiological changes of the Kkidney in
renovascular hypertension, hydronephrosis and
renal transplant.

The Gates method was considered feasible as it did
not involve the cumbersome method of calculation.
Nuclear medicine, for many years has had methods
for quantitation of renal function, which are simple,
accurate and reproducible, do not require urine
collection and can be performed on an outpatient
basis M.

The estimation of GFR using Gates method is very
simple when compared to the plasma sampling
method, which was very cumbersome. In the latter,
the timing of sample collection should be accurate.
In a busy department, collecting samples and
processing them consumes a significant amount of
valuable time and dedicated personnel ought to be
available throughout the entire procedure .

A concern with GFR prediction equations has been
the bias from a lack of standard calibration in serum
creatinine assays across laboratories ["®l. Presently
there is no standard calibration for serum creatinine
measurement for laboratories in India much like in
the rest of the world. The implication was that a
constant calibration bias caused greater inaccuracies
in estimated GFR for persons with a normal serum
creatinine level than that for persons with an
elevated serum creatinine level. ®”! Other potential
sources of measurement error include intra
individual variability in serum creatinine, racial and
intra individual variability in GFR, and intra-assay
variability in creatinine and GFR measurement .
However, 99mTc-DTPA clearance is relatively less
biased and has been accepted as the accurate

method for the measurement of GFR in previous
reports [12, 13, 14 and 15]

Conclusion

The results of the present study suggests that the
Gates method used in DTPA renography provides
almost equal estimation of GFR in patients with
different renal disorders when compared to CG
method.
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