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ABSTRACT KEYWORDS
Rapid and accurate estimation of the glomerular filtration rate (GFR) is Glomerular filtration rate
required in the assessment of patients with chronic kidney disease and in (GFR);
order to provide information regarding to the functional status of the “mTc-DTPA renography;
kidney. In the present study, the GFR is determined by gamma camera Gates method, Modification
uptake method modified Gates (in vivo method) and M odification of Diet indietinrenal disease
in Renal Disease method (MDRD) (in vitro method). ®"Tc-DTPA method,;
renography is performed by Gates’ method (in vivo) to obtain GFR and Pre-injected syringe count;
correlated by GFR that predicted by Modification of Diet in Renal Disease Post-injected syringe count.

equation (in vitro) after adjustment different parameters on the evaluation
of the glomerular filtration rate of 153 patients with awide range of renal
function, such as: radioactive *"Tc-DTPA dose that administrated to
patient, time of counting pre-injected syringe, post-injected syringe and
the distance between syringe and detector of gamma camera. The obtained
results show that, comparison of GFR that calculated by Gates’ method
with that of GFR estimated by MDRD equation inthe 153 patientsresulted
inasignificant and good correlation when using the following parameters:
administered radioactive dose ranged from 10 to 15 mCi of *"Tc-DTPA
with time of 10 seconds for pre-syringe counts, time of 30 seconds for
post-syringe counting and at distance 30 cm from the detector of gamma
camera. Inaddition, the correlation isbetter in case of chronic renal failure
and reduced renal function than in case of healthy group.

© 2013 Trade SciencelInc. - INDIA

INTRODUCTION dicesof theleve of rend function™. Glomerular filtra-

tion rate providesan excellent measureof thefiltering

In accordancewiththeKidney Disease Outcomes  capacity of thekidneys. It can be used asanindex of
Quadlity Initiative (K/DOQI) guidelines, estimatesof ~ functioning rend mass; and changesin GFRwhich can
glomerular filtrationrate (GFR) arethebest overdl in-  delineate progression of kidney disease. Thelevel of
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GFR being astrong predictor of thetimeto onset of
kidney failureand therisk of complicationsof chronic
kidney disease (CKD) such as: cardiovascular disease,
hypertension, anemia, malnutrition, bone disease, neu-
ropathy, decreased quality of lifeand deathi*2.

Inulin clearanceis proved asthegold standard for
glomerular filtration rate (GFR) determination. How-
ever; thismethod isnot performedin clinical practice,
becauseof technica complexity and limited avail ability.
Theintrins ¢ creatinine clearance hasbeen widdly per-
formed asonly dternativetoinulin clearanceinroutine
practice. Thismethod, however, isnot accurate com-
pared toinulin clearance®9.

Urinary clearance of exogenousradioactive mark-
ers (**l-iothalamate and *"Tc-DTPA) and plasma
clearance of lohexol and *!Cr-EDTA have also been
used, athough these methodsarenot reedily availabl €.
Serum cystatin C has been used to estimate the GFR
but thismethod isnot inclinica useé”™. Thus, theclear-
ance of endogenous cregtinine (Ccr) remainsthe most
commonly used method in estimatingthe GFR inclini-
ca practice. However, thismethod i sfraught with sev-
eral shortcomings, first of al theneed for timed urine
collection. Ccr also overestimatesthe GFRinrend fail-
ure, Since serum crestinineisboth filtered and secreted
by thekidneys.

The determination of serum crestinineisthe most
widely used and commonly accepted measure of renal
functionindinicd medicine. Regard essof itswidespread
use, theaccuracy of estimating GFR on thebasisof the
serum crestinine concentration only islimited, because
itisaffected by severa factors, including body mass,
gender, and age. In an attempt to circumvent theselimi-
tations, avariety of formulashavebeen devel oped, which
also takeinto account age, sex, and body sizeintheir
cd culation. Among theseformul as, the M odification of
Diet in Renal Disease equations (MDRD) arewide-
spread, sincethey are supposed to compensatefor the
magor drawbacksof serum cregtininedetermination and
adequatdly correlate with GFR measured by therefer-
encemethod®.

The gamma camera uptake method with *"Tc-
DTPA issimpleand lesstime consuming for thedeter-
mination of the glomerular filtration rate®¥. In ®mTc-
DTPA renography, theglomerular filtrationrate (GFR)
isca culated without blood or urine samplingi*®.

Duetolimitation of referencesmethods, it isrec-

ommended to estimateglomerular filtration rate (GFR)
by serum creatinine-based equations!*. Therefore,
simpleand accurate determination of the GFRistill a
chdlengeclinicaly™*?. Estimation of theglomerular fil-
trationrate (GFR) isrequired in the assessment of pa-
tientswith chronic kidney disease (CKD) in order to
provideinformation regarding thefunctional status of
thekidneys™.

Inthepresent sudy, ®*™Tc-DTPA renography is per-
formed by Gates’ method (in vivo) to obtain glomeru-
lar filtration rate (GFR) and correlated by GFR that
predicted by Modification of Diet in Renal Disease
equation (MDRD) (invitro) after adjustment different
parameters on the evaluation of GFR of 153 patients
with awiderangeof rend function, such as. radioactive
%" Te-DTPA dosethat administrated to patient, time of
counting pre-injected syringe, post-injected syringeand
the distance between syringe and detector of gamma
camera

SUBJECTSAND METHODS

Patients

In the present work, 153 patients (97 malesand
56 females) rangingin agefrom 18to 76 years(mean =+
3D, 46+ 14) are included in the study. The patients are
referred for eva uation of rena function and pathophys-
ology inroutinepractice. They aregivenawidevariety
of clinica diagnosisincluding chronicrenal failure, re-
duced rena function and healthy personsfor donation.

The correlation between the GFR that calculated
by Gates’ method and GFR that estimated by MDRD
equation by the new protocol after adjustment thedif-
ferent parameters- administered radioactive doserange
10-15mCi of *"Tc-DTPA withtimeof 10 secondsfor
pre-syringe counts, time 30 seconds for post-syringe
counting and distance 30 cm from the detector of gamma
camera- on 153 patients suspected of having different
renal diseasesarereferred to Nuclear Medicine De-
partment of King Fahd Centre, Cairo University Hos-
pitas, Egypt.
Calculation of GFR by gatesmethod

9mTc-DTPA was prepared in Radioi sotope Labo-
ratoriesin King Fahd Center, Cairo University Hospi-
tals, Egypt, usngacommercidly avail ablefreeze-dried
kitl*415, Thedoseisranged from 10to 15mCi andis
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administered to 153 patientswith different renal dis-
ease and healthy persons. Prior to theadministration,
the pre-injection syringewith straight needleiscounted
by two different devices: (1) Dose calibrator
(ATOMLAB 100) and (2) Gammacamera (Siemens,
Orbit, Single head), whichis attached to aL ow-En-
ergy Generd-Purpose Parallel-Hole Collimator for 10
seconds. The patient ishydrated with 300-500 ml of
water 30 minutes prior to theexamination. The patient
lay down on abed inthe supine position at distance 30
cm from thedetector of gammacameraand theimage
will acquired aposterior except one patient with ec-
topic kidney lay down on abed inthe prone position.
“"Tc-DTPA isgiventhrough abutterfly needleinto vein
andisfollowed by infusion of 20 ml of normal saline
then 2 ml lasix. Frames of 128 x 128 matrix are re-
corded with an online-compuiter, initialy at one second
for oneminuteand then at 10 secondsfor 20 minutes.
The pogt-injection syringewith astraight needlewhich
is detached before the injection isagain counted 30
seconds by agammacamerain the sameway aspre-
injection. Region of interest (ROI) over eachkidneyis
assigned manually ontheframeadded from 1to 3min-
utesfollowinginjection. Thesemi-lunar background ROI
around each kidney was defined. Thebackground cor-
rected time-activity curveisgenerated, and therenal
uptake of individua kidney for oneminutefrom2to 3
minutesafter theinjectioniscaculated. TheGFR (GFR
Gates) isautomatically estimated by acommercialy
available computer (Oddesey Pegasis Labratorias,
Adac) accordingtothe Gates’ algorithm.

Calculation of GFR by MDRD equation

For measuring serum cregtinine, it waswithdrawn
3 ml sampleof blood from patients. The serum cresti-
nineisdoneonAutoAnayzer Mode Hitachi 912 (Ja
pan) and usingthesimplified MDRD equation*®!:
eGFR (ml/min/1.73 m?) = 186.3 X
[serum creatinine (mg/dI] 1 x [age (year s)] *%3x
[0.742 (female) or 1.210 (black)] D
Thesmplified MDRD equation alowsthe classifica-
tion renal function with acceptable precisionand re-
quiresonly minima informetion about thepatient. It has
therefore beenincluded asthe primary GFR marker in
the Practice Guide-linesfor Chronic Kidney Disease,
published in 2002 by the Kidney Disease Outcomes
Qudity Initiativeof theNationd Kidney Foundation (K/

—=> RegUlOr Peper
DOQI) and themorerecent KDIGO guiddines*?.
Classification of practical results

Thepractical resultsare classified into 3 catego-
ries. Thefirgt category containspatientswhich suffering
from chronic renal failurewhilethe second category
contains peopl ethat cometo King Fahd Centre, Cairo
University Hospitds, Egypt, to donate. Inthethird cat-
egory, thereare patientswhich suffering from reduced
rend function. Thefirst category consistsof 49 patients
of serum creatinineranging frommorethan 1.6t09.5
mg/dl. GFR invivo ismeasured by gammacamerain
Nuclear Medicine Department of King Fahd Centre,
Cairo University Hospitals, Egypt, by injection of ra-
dioactive dose (*"Tc-DTPA) ranging from 10to 15
mCi that giventhrough butterfly invein. Whilethe GFR
invitroiscarried out by chemical analysisby taking
blood samplesfrom patients then measurethe serum
creatinineinmg/dl. Then substitute by serum cregtinine
and ageof patientin MDRD equation to measure GFR
invitro. For the second category — 19 patients come
to Fahd Center to donate - the same practical work
wasdone. These patientshave normal serum cregtinine
rangingfrom0.4to 1.5 mg/dl. TheGFR invivoisrang-
ing from 80-130 ml/min while the GFR in vitro are
more than 80 ml/min. For thethird category, 85 pa-
tientssuffering from reduced rend function, theGFRin
vivo is measured by gamma cameraand the GFR in
vitro that cal culated by MDRD equationis measured
by the previous method asin case of rend failureand
donors. Theserum creatinine of these patientsisrang-
ingfrom0.4to 1.5 mg/dl like norma patients.

Satistical methods

Statistical analysisof theresultsare performed by
usingtheAndysisof Variance (ANOVA) to determine
the effect of radioactive doses, time of counting and
distance between the detector of gammacameraand
thesyringeand their interaction on glomerular filtration
rate (GFR), meansat significanceleve of 0.05. Corre-
lation and regression analyses are al so estimated to
computethecorreation coefficient (R) for the GFR that
measured by Gate’s method and GFR that calculated
by MDRD equation. All statisticsandillustrations (scat-
ter plots) arecarried out usng Statistical Analysis Sys-
temd*” program Ver. 9.1, SAS Institutein Corpora-
tion Cary, NC 27513 USA.
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RESULTS

Patient characterigticsafter adjusment theparam-
eters

One hundred and fifty three (153) patients (97
males and 56 females) ranging in agefrom 18 to 76
yearswith varying levelsof kidney function are stud-
ied. The patients are referred to Nuclear Medicine
Department, Fahd Center, Faculty of Medicine, Cairo
University, Egypt, for evaluation of renal functionin
routinepractice. They aregiven awidevariety of clini-
ca diagnosisincluding 49 chronicrend failure, 85re-
duced rena function and 19 hedthy personsthat come
to the center for donation. TABLE 1 containsthemean
age of patient in years, the mean weight in kg, the
mean body massindex and the mean serum creatinine
inmg/dl (the serum creatinine of each patient ranged
from 0.48t0 7.74 mg/dl).

Glomerular filtration rate

The correation between GFRswhich measured by
the modified Gates (invivo method) inml/min/1.73 m?

TABLE 1: Clinical parameter sfor 153 patientswith different
renal diseases

and the GFRs determined by Modification of Dietin
Rend Disease equation (MDRD) (invitro method) in
mi/min/1.73 m?for 153 patientsisshownin Figure 1.
Fromthefigure, itisclear that, alinear correlation be-
tween modified Gates’ and MDRD—predicted GFR is
detected and theregression equationis. y=1.167 x +
7.689 (R=0.876, p<0.0001). Thismeansthat thein
vivo method correlates well with that of thein vitro
method after the adjustment of the parametersthat af-
fect on GFRinvivo.

Thedifferencein GFRsmeasured by the modified
Gates (in vivo method) and the GFRs determined by
Modification of Dietin Rend Diseaseequation (MDRD)
(invitro method) in mI/min/1.73 m? against the mean
GFR of thetwo methodsfor 153 patients after adjust-
ment thedifferent parametersisshowninFigure 2. Dif-
ferenceintheGFR (GFR, - GFR ) Was18.21 +
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Figure2: Plotsshowingthedifferencein GFRsby theM DRD equation method (in vitro) and themodified Gates’ method (in
vivo) against themean GFR of thetwo methodsafter adjustment of the parameter sthat affect on GFR.
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21.9 ml/min/1.73 m?. Thismeansthat MDRD results
aremuch higher than that obtained with modified gates.
Indeed, in most subjectsin 115 out 153, theMDRD is
higher than that of the modified gates. In theseindividu-
as, theMDRD-gatesdifference haspositivevalues.

To study the best correlation between GFR that
measured by gamma cameraand the GFR that cal cu-
lated by MDRD equationin 153 patients, the practical
results classified into 3 categoriesto show the best cor-
relationinwhich category.

Thefirst category: Glomerular filtration ratefor
renal failurepatients

Inthefirst category, the serum creatinine of each
patient isranging from morethan 1.6t0 9.5mg/dl. The
correlation between GFRsmeasured by the modified
Gates (invivo method) that measured in ml/min/1.73
m?and the GFRs determined by Modification of Dietin
Rena Diseaseequation (MDRD) (invitro method) in
38
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T
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ml/min/1.73n¥in49 patientsisshowninFgure3. From
thefigure, itisclear that, alinear correl ation between
modified Gates’ and MDRD—predicted GFR is detected
andtheregression equationis: y=0.642x + 11.24 (R
= 0.66, p < 0.0001). This means that the in vivo
method correlateswith that of thein vitro method after
theadjustment of the parametersthat affect on GFRin
vivoinrend failurepatients.
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Figure3: Scatter plotsof GFRsdeter mined by themodified
Gates (in vivo method) against that calculated by MDRD
equation (in vitro method) in 49 patientsof renal failure.

+11.215D
* 4 mean+ SD = 11.82

10 - ™

® *®
s ” H

-5 *
-10 S *

(U L ¥ : T
w e

4 . Mean=0.72
*x X

-1=8 ®
20 -
2=
-30 -
35

Difference ( vitro-vivo)

5 15 25

-11.21 8D
% x
mean - SD = -10.50

35 45 55 65

Mean GFR of the two methods
Figure4: Plotsshowingthedifferencein GFRsby theM DRD equation method (in vitro method) and themodified Gates’
method (in vivo) against themean GFR of thetwo methodsafter adj ustment of the parameter sthat affect on GFR in 49

patientsof renal failure.

Thedifferencein GFRsmeasured by themodified
Gates’ (in vivo method) and the GFRs determined by
Modification of Dietin Rend Diseaseequation (MDRD)
(invitro method) in mi/min/1.73 m? against the mean
GFR of thetwo methodsfor 49 patientsthat suffering
of chronicrend fallureisshowninFigure4. Difference
inthe GFR (GFR,,-GFR ) was0.72+ 11.21 ml/
min/1.73 m2. Thismeansthat MDRD resultsare not
higher than that obtai ned with modified gatesin most
patientsthat suffering of rena failure. Indeed, infewer
subjects(in 24 out 49) theMDRD ishigher than that of
themodified gatesin caseof rend falure.

The second category: Glomerular filtration rate
for healthy people

In the second category (peoplethat cometo Fahd
Center todonate), the serum cregtinineisranging from
0.4to 1.5mg/dl. TheGFR (invivo) isranging from 80
to 130 ml/min/1.73 m? whilesthe GFR (in vitro) is
morethan 80 ml/min/1.73 m?.

The correlation between GFRs measured by the
modified Gates (in vivo method) that measuredinml/
min/1.73 m?and the GFRsdetermined by Modification
of Dietin Renal Diseaseequation (MDRD) (invitro
method) in ml/min/1.73 m? for 19 healthy peopleis
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showninFigure5. Fromthefigure, itisclear that, a
linear correaion between modified Gates’ and MDRD-
predicted GFR isdetected and theregression equation
is:y=0.673x +59.11 (R =0.628, p = 0.004). This
meansthat thein vivo method correlateswith that of
theinvitro method after the adjustment of the param-
etersthat affect on GFRinvivoindonor’s people.
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Figure5: Scatter plotsof GFRsdeter mined by themodified
Gates(in vivo method) against that by the M odification of
Diet in Renal Diseaseequation (M DRD) (in vitro method) in

19donor’s people.

Thedifferencein GFRsmeasured by the modified
Gates (in vivo method) and the GFRs determined by
modification of diet inrena diseaseequation (MDRD)
(invitro method) in ml/min/1.73m?against the mean
GFR of thetwo methodsfor 19 donors’ people is shown
in Figure 6. The differencein the GFR (GFR, ., -
GFR ) 1524.40+22.41 ml/min/1 .73m? Thismeans
that MDRD resultsweremuch higher than that obtained
withmodified gatesindonor’s people. Indeed, in most
subjects(in 15 out 19) theMDRD ishigher thanthat of
themodified gates. Intheseindividual s, the MDRD-
gatesdifference haspositive vaues. In hedlthy people
the GFR that obtained by MDRD equation always
higher than that obtained by modified gates.

Thethird category: Glomerular filtration ratefor
reduced renal function

In reduced rena function of 85 patients (category
3), the GFR (in vivo) ismeasured by gammacamera
andthe GFR (invitro) that cal culated by MDRD equa
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Figure6: Plotsshowingthedifferencein GFRsby theM DRD equation method (in vitro method) and themodified Gates’
method (in vivo) against themean GFR of thetwo methodsafter adj ustment of the parameter sthat affect on GFRin 19

healthy donor’s people.

tionasincasesof chronicrend falure(category 1) and
donorspeople(category 2). Theserum creatinineof is
ranging from 0.4to 1.5 mg/dl like healthy people.

The correlation between GFRs measured by the
modified Gates (in vivo method) that measured by mi/
min/1.73 m?and the GFRsdetermined by Modification
of Diet in Renal Diseaseequation (MDRD) (invitro
method) in mI/min/1.73 m? for 85 patientsthat have
moderaterena functionisshowninFigure7. Fromthe
figure, itisclear that, alinear correl ation between modi-

fied Gates’ and MDRD—predicted GFR is detected and
theregression equationis: y =0.864 x + 36.75 (R =
0.706, p<0.0001). Thismeansthat thein vivo method
correlateswell with that of thein vitro method after the
adjustment of the parametersthat affect on GFR invivo
in patientsthat have moderate rend function.
Thedifferencein GFRsmeasured by the modified
Gates (in vivo method) and the GFRs determined by
MDRD equation (in vitro method) in ml/min/1.73m?
against the mean GFR of the two methodsfor 85 pa-
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tientsthat havemoderaterend functionisshowninFHg-
ure8. Thedifferenceinthe GFR (GFR,, .- GFR )
IS 26.91 £+ 20.61 ml/min/1.73m?. This means that
MDRD resultsare much higher than that obtained with
modified gatesin patientswith moderaterend function.
Indeed, inmost subjects(in 76 out 85) theMDRD iss
higher than modified gates. Intheseindividuals, the
MDRD-gates difference has positive va ues.

DISCUSSION

Edtimation of theglomerular filtrationrate (GFR) is
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Figure8: Plotsshowingthedifferencein GFRsby theM DRD equation method (in vitro method) and themodified Gates’
method (in vivo) against themean GFR of thetwo methodsafter adj ustment of the parameter sthat affect on GFRin 85

patientsof moderaterenal function.

requiredin theassessment of patientswith chronickid-
ney disease (CKD) in order to provideinformation re-
garding thefunctional status of thekidneys. Current
guiddinesadvocatethe useof predictionequations, such
asthe Cockcroft-Gault (CG) formula and the Modifi-
cationof Dietin Rend Disease (MDRD) study-derived
equations, over clearance of endogenous creatinine
(Ccr) inachieving thisaim**1%, The Gates correlated
well with the plasmasample method. The significant
correlation of therena uptake of " Tc-DTPA against
the 24-hours creatinine clearance has promoted this
method for clinical application in routine practice®.
However; the Gateswas proved to be inaccurate and
less precise than the CG for predicting the GFR. In
addition, the Gatestended to overestimatethe GFR.
Theseresultswere consistent with previousreportg 2,
It hasdebated whether the Gates’ method is accurate
for predicting the GFR?, Severd sourcesof errorsin

theestimation of GFR by scintigraphy are recognized:
background correction, decay statistics, attenuation
correction, and estimation of arterial plasmaactivity,
volume measurementsand radiopharmaceutica qual-
ityl?2,

Evenif ®“"Tc-DTPA renography isnot preciseasa
measurement of global renal function, it provides no-
tableinformation such asquantitativeindividua renal
function and pathophysiologica changesof thekidney
inrenovascular hypertension, hydronephrosisand re-
nal transplant. It issuggested that i sotopic renography
islikely to be overtaken by competing technologies
which can provide onetest to give simultaneousinfor-
mation about both structure and function(=.

Thereare other non-physical parameterslikeage,
body massindex (BMI), serum creatinineand gender
may affect on themeasurementsof glomerular filtration
rate (GFR). It isfound that there are strong correla-
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tionsbetweentheserum cregtinineinmg/dl and the GFR.
In the same time thereis very weak correlation be-
tween the age and measurement of GFR whilethereis
not corre ation between BM1 and messurement of GFR
and the gender does not effect on the GFR in vivo
veue

Inthe present study, studying thedifferent factors
that affect on the GFR measurement, the othersthat
have not effect on GFR; and the GFR that measured
by Gates method (in vivo method) arewel |l correlated
with the GFR that cal culated by MDRD equation (in
vitromethod) (RH” 0.71) for 153 patients with differ-
ent renal diseases after adjustment radioactive dose,
time of counting and di stance between the detector of
gammacameraand syringe.

In conclusion, after adjustment thedifferent param-
eterssuch as. radioactive ®"Tc-DTPA for patient, time
of counting of radioactive syringe and distance between
syringe and detector of gammacamera, thisstudy will
optimize Gatestechnique to makeit possibleto com-
pute accurate GFR coincident with scan of kidney. It
wasfound that, the *"Tc-DTPA renography will be-
come moreaccuratein measurement of GFR, if these
parametersare corrected and thus measurement of glo-
bal rena function becomemore precise. Moreover, in
case of classification of 153 patientsinto three catego-
riesaccording to serum creatinineand GFR, itisfound
that the correlation between thetwo methodsisvery
strong in case of renal failure patientsand reduced re-
nal function, but the correlationisnot strongin case of
donor’s people.
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