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Abstract:

Background: Glomerular filtration rate is an effective tool for diagnosis and staging of chronic kidney disease. The effect
of renal insufficiency by different method of this tool among patients with CKD is controversial. Objective: The objec-
tive of this study was to evaluate the performance of eGFR in staging of CKD compared to gamma camera based GFR.
Methods: This cross sectional analytical study was conducted in the Department of Biochemistry Bangabandhu Sheikh
Mujib Medical University (BSMMU) with the collaboration with National Institute of Nuclear Medicine and Allied
Sciences, BSMMU during the period of January 2011 to December 2012, Gama camera based GFR was estimated from
DTPA renogram and eGFR was estimated by three prediction equations. Comparison was done by Bland Altman agree-
ment test to see the agreement on the measurement of GFR between three equation based eGFR method and gama camera
based GFR method. Staging comparison was done by Kappa analysis to see the agreement between the stages identified
by those different methods. Results: Bland-Altman agreement analysis between GFR measured by gamma camera, CG
equation ,CG equation corrected by BSA and MDRD equation shows statistically significant. CKD stages determined by
CG GFR, CG GFR corrected by BSA , MDRD GFR and gamma camera based GFR was compared by Kappa statistical
analysis .The kappa value was 0.66, 0.77 and 0.79 respectively. Conclusions: This study findings suggest that GFR
estimation by MDRD equation in CKD patients shows good agreement with gamma camera based GFR and for staging
of CKD patients, eGFR by MDRD formula may be used as very effective tool in Bangladeshi population.
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Introduction: According to The National Kidney Foundation-Kidney

Disease Outcome Quality Initiative (NKF-K/DOQI)

Chronic kidney disease (CKD) is a progressive loss in
kidney over a period of months or years. Often, chronic
kidney disease is diagnosed as a result of screening . CKD
may also be identified when it leads to one of its recog-

nized complications .'

Incidence of renal disease increases with age due to
progressive loss of nephron mass in every mammalian
species .> Glomerular filtration rate (GFR) describes the
flow rate of filtered fluid through the kidney.? All
individuals GFR <60 ml/min/1.73 m’ for 3 months are
classified as having CKD, irrespective of the presence or

absence of kidney damage .'
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guidelines CKD is classified into 5 stages.

Stage 1,Kidney damage with normal or relatively high
GFR (> 90 ml/min/1.73 m2." Stage 2, Mild reduction in
GFR (60-89 ml/min/1.73 m2) with kidney damage.'
Stage 3, Moderate reduction in GFR (30-59 ml/min/1.73
m2). British guidelines distinguish between stage 3A
(GFR 45-59) and stage 3B (GFR 30—44) for purposes of
Stage 4, Severe reduction in
Established

screening and referral.*
GFR (15-29 ml/min/1.73 m%). Stage 5,
kidney failure (GFR <15 m}/min/1.73 m?)

Glomerular filtration rate is a commonly accepted stand-
ard measure of renal function. The generally accepted
gold-standard technique for GFR assessment is inulin

infusion.’ This technique is difficult and time-consuming
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to perform and is therefore regarded as inappropriate for
routine clinical use. As the GFR cannot be measured
easily in clinical practice, several equations have been
developed to estimate GFR.® NKF-K/DOQI and Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines recommend the estimation of GFR (eGFR) using

those prediction equations based on serum creatinine.

The most commonly used prediction equations are the 4
Modification of Diet in Renal Disease
(MDRD)’ and Cockeroft-Gault (CG)* equations. Proce-

dures using radiopharmaceuticals, especially Tc-99m

variables

DTPA (diethylenetriaminepentaacetic acid), have been
proposed as rapid, less invasive, and reliable options for

estimating GFR by gamma camera renogram.’

A first major criticism with the CKD staging system has
surrounded the accuracy of the eGFR estimates using the
MDRD or CG equation especially at higher levels of true
GFR (>60 mL/min/1.73m2). While estimates using the
MDRD equation at GFR below 60 mL/min/1.73m>
demonstrate low levels of bias and high levels of preci-
sion. It 1s clear that as true GFR increases above 60
ml/min/1.73m% the equation underestimates the GFR,

leading to misclassification of subjects with CKD .'°

According to the NKF-K/DOQI guidelines chronic
kidney disease in children and adolescents, the estimates
of glomerular filtration rate (GFR) are the best indices of
the level of kidney function, and the creatinine clearance
using timed urine collections do not improve the
estimated GFR over that provided by prediction

equations. '’

In general MDRD formula has shown better predictive
performance than the Cockcroft-Gault equation'? but it
underestimate the number of patients with declining

function.'?

However, neither of these currently available estimating
equations has been validated thoroughly in the South
Asian population. The applicability of these equations and
the factor for ethnicity to South Asians, including Bangla-

deshi population, is therefore unknown. '

The aim of this study 1s to evaluate a camera-based
method for estimation of GFR at the same time as obtain-
ing a renogram in the staging of CKD. Such a method
would add convenience to evaluation of renal function in
routine clinical practice. We also examined the relative
accuracy of GFR determined by the Cockcroft—-Gualt,
MDRD equation and compared them with GFR obtained
by using a sampling DTPA renogram method (as a
reference).

Methods:

This cross sectional analytical study was conducted in the
Department of Biochemistry, Bangabandhu Sheikh Mujib
Medical University (BSMMU) with the collaboration
with National Institute of Nuclear Medicine and Allied
Sciences, BSMMU. Ethical clearance for the study was
taken from the central ethical committee, BSMMU. A
number of 75 CKD patients selected by non probability
purposive sampling from the nephrology division,
NINMAS, BSMMU during the period of January 2011 to
December 2012.

Whole procedure was briefed to the participants and
written consent was be taken. All were allowed to take
breakfast and proper hydration was ensured before giving
IV isotope. Dynamic sequential images of both kidneys
were obtained in the posterior position immediately after
IV administration of 5 mCi dose of 99m Tc-DTPA and
study continued for 10-30 min. Measured DTPA GFR was
done by modified Gates method 15 from renogram. With
all aseptic precautions 5 m] blood sample was drawn from
the antecubital vein to measure serum creatinine for
eGFR. GFR was measured by CG equation, Corrected
CG equation, MDRD formula and by DTPA renogram.
Subjects were then categorized into 5 stages according to
their GFR by different method. Comparison was done by
Bland Altman agreement test to see the agreement on the
measurement of GFR between three equation based eGFR
method and gama camera based GFR method. Staging
comparison was done by Kappa analysis to see the agree-
ment between the stages identified by those different
methods. A k value near to be 1 was considered as statisti-

cally significant.
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Results:

A total 75 CKD patients of both male and female were
enrolled in the study to find out measured GFR by
99mTc-DTPA. At the same time GFR was estimated by
using serum creatinine base equations; MDRD, CG
formula and CG corrected by body surface area . Staging
of the CKD patients by GFR according to different
method were done. Demographic and other factors
influencing GFR were also considered in the study proce-
dure and study outcome.

Table -1
GFR mi/min in different methods of study population.

Method Mean = SD Range
DTPA GFR 64.72+25.39 14.60 to 126.90
MDRD GFR 60.40+23.62 13.00 to 118.60
CG GFR 63.17+£29.60 8.80 t0 129.80
Corrected CG GFR 64,50 +24.75 13.20 to 119.50
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Fig-1 : Bland-Altman Plotting of DTPA renogram GFR and Corrected
CG GFR where 95% limits line range is small.
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Fig-2: Bland-Altman scatter plot of DTPA renogram GFR and
Corrected CG GFR.
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Fig-3: Bland-Altman Plotting of DTPA renogram GFR and CG GFR
shows 95% limits line range is wide.
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Fig-4 : Bland-Altman scatter plot of DTPA renogram GFR and CG
GFR.
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Fig-5 : Bland-Altman Plotting of DTFPA renogram GFR and MDRD
GFR shows 95% limits line range is small.
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Fig-6: Bland-Altman Plotting of DTPA renogram GFR and MDRD
GFR.
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Table -IT
Kappa agreement (k=0.66) between diferent stages of CKD determined
by DTPA renogram GFR and CG GFR

CG GFR
DTPA  Stage Stage Stage Stage Stage Stage Total k
GFR 1 2 3A° 3B 4 5 value
Stagel 10 0 0 0 0 0 10
Satge2 4 28 1 2 0 0 35
Stage 3A 0 0 6 6 2 0 14
Stage 3B 0 0 2 8 0 0 10 .66
Stage4 0 0 0 0 3 2 5
Stage5 O 0 0 0 0 1 1
Total 14 28 9 16 5 3 75

Table-II1

Kappa agreement (k=0.77) between different stages of
CKD determined by DTPA renogram GFR and corrected

CG equation based GFR
Corrected CG GFR

DTPA Stage Stage Stage Stage Stage Stage Total k
GFR 1 2 3A 3B 4 5 value
Stagel 10 0 0 0 0 0 10
Satge2 0 34 1 0 0 0 35
Stage 3A 0 0 7 7 0 0 14
Stage 3B 0 0 2 8 0 0 10 .77
Stage4 0 0 0 0 3 2 5
Stage5 0 0 0 0 0 1 1
Total 10 34 10 15 3 3 75

Table -1V
Kappa agreement (k=0.79) between different stages of
CKD patients determined by DTPA renogram GFR and
MDRD GFR

MDRD GFR
DTPA
GFR 1 2 3A

Stage Stage Stage Stage Stage Stage Total k
3B 4 5 value

Mabammiad Masum Alam et al

Stagel 8 2 0 0 0 0 10
Satge2 0 34 1 0 0 0 35

Stage 3A 0 0 6 8 0 0 14

Stage 3B 0 0 0 10 0 0 10 .79
Stage4 0 0 0 5 0 5

Stage5 0 0 0 0 1 1

Total 8 36 7 18 5 1 75

Discussion:

Progression to kidney failure or other adverse outcome
could be prevented or delayed by early detection and
treatment of CKD.'® The Glomerular Filtration Rate
(GFR) is considered the best overall index of kidney
function in healthy and diseased condition."” Since dialy-
sis and kidney transplantation is too costly for a large
number of people, early detection , staging and interven-
tion are the only cost effective strategies for CKD

treatment.'®

In this cross sectional study, our aim was to asses staging
of CKD patients by e GFR and gamma camera based
GFR, then evaluation of the eGFR staging compared to
the staging of gamma camera based GFR. In our study we
measured ¢ GFR by CG formula, CG formula corrected
by BSA and MDRD equation.

Our Result in our stady demonstrate the GFR estimated by
predictive equations are significantly close to that meas-
ured by 99mTc-DTPA isotope method. DTPA renogram
GFR and Corrected CG GFR shows 95% limits line from
-18.54 to 17.06 1n Bland-Altman Plotting. Here bias is
about -0.738 and difference versus average 1s about 0.06.
Scatter plot shows good correlation. DTPA renogram
GFR and CG GFR shows 95% limits line from -37.63 to
31.64 in Bland-Altman Plotting, where bias is about -2.99
and difference versus average is about 0.08 and scatter
plot also shows good correlation. Another Bland-Altman
Plotting of DTPA renogram GFR and MDRD GFR shows
95% limits line are about -23.871 to 16.015, bias is about
-3.928 and difference versus average is about 0.27. In this
case scatter plot also shows good correlation. Kappa
agreement statistical analysis between different stages of
CKD determined by DTPA renogram GFR with CG GFR,
CG GFR corrected by BSA and MDRD GFR was done.

47



BSMML! I

Vol 8, lssue | Janary 2015

The kappa value was 0.66, 0.77 and 0.79 respectively .
These kappa values indicate good agreement.

Our study results are in consistent with various previous
investigations in the literature. A study reported that the
MDRD equations were more accurate within 30% and
50% of the measured GFR compared with the CG GFR
methods."” Al-Wakeel et al. also found that the GFR
estimated by the MDRD predictive formula equation
revealed the best correlation with measured GFR by
DTPA renogram.” Serum cystacin C, serum creatinine ,
reciprocal of cystacin C, and reciprocal of serum creati-
nine were inferior to the MDRD and Cockcroft-Gault
predictive formulas in estimating GFR in Saudi patients

with CKD and after renal transplantation.”

Some studies also differ from our study for instance the
MDRD formula is considered unsuitable for Asians®
while it is accurate for Chinese.”® Another study reported
that the MDRD formula better per—formed in the worse
stage of CKD than the Cockcroft-Gault formula.?* In
2007, Ma em—phasized that the application of these
formulas was necessary in the different ethnic popu-
lations and a modified MDRD formula was necessary to
fit for the Chinese population.? Earlier 2005 others found
that MDRD equa—tion overestimated GFR in patients
with CKD stages 4 and 5, while it underestimated GFR in
CKD stagel.”

However we can draw attention from the present study
that CKD staging by MDRD, CG corrected by BSA are
reliable and can be use for eGFR which provide a guide to
the nephrologists and physicians of Bangladesh to moni-
tor the progression of renal diseases and to guide the
possible management plan in our patients. The MDRD
equation which can be calculated easily by using a
computer device and also the CG and CG GFR equation
which is easy to calculate is recommended for use in
Bangladeshi CKD patients for disease staging until
further studies in this field come out with stronger
evidence against their use.

Conclusion:

From this study we may conclude that GFR estimation by
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MDRD equation in CKD patients shows good agreement
with gamma camera based GFR and eGFR by MDRD
formula may be used as very effective tool for staging of
CKD patients in Bangladeshi population.
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