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ABSTRACT

The purpose of the study was to compare the estimation of glomerular
filtration rate (GFR) from ®"Tc-DTPA renography with that estimated from
“Modification of Diet in Renal Disease” (MDRD) equation and studying
the effect of different parameterson the evaluation of the glomerular filtra-
tion rate of patients with renal diseases such as radioactive ®"Tc-DTPA
for patients, time of counting of radioactive syringe and distance between
syringe and detector of gamma camera. ®*™Tc-DTPA renography was per-
formed on 158 patients with awide range of renal function. The GFR was
determined by two methods: gamma camera uptake method modified Gates
(in vivo method); and Modification of Diet in Renal Disease method
(MDRD) (invitro method). Different radioactivitiesof 3,6, 9, 12, 15and 18
mCi of *"Tc-DTPA are being counted within 60 seconds and at distance
30 cm from gamma camera detector. The radioactivity of 12 mCi isbeing
counted in different timesin therange from 10 to 30 secondsand at differ-
ent distances from 10 to 40 cm. T he obtained results show that maximum
count per pixel was approximately the samein all images except for 3 mCi
sample image, suggesting saturation of the pixels in high activities. In
conclusion the Gates correlates with MDRD equation, and also, the *™Tc-
DTPA renography will become more accurate in measurement of GFR, if
the parameters are corrected. © 2013 Trade Sciencelnc. - INDIA
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Chronickidney disease, amgor public hedth prob-
lem whose prevalenceis constantly increasing world-
wide, istraditionally diagnosed and ismonitored by
assessment of glomerular filtration rate (GFR)™*2. In
accordance with the Kidney Disease Outcomes Qual -

ity Initiative (K/DOQI) guidelines, estimates of glom-
erular filtration rate (GFR) arethebest overall indices
of theleve of rend function®®. Glomerular filtrationrate
provides an excellent measure of thefiltering capacity
of thekidneys. It can beused asanindex of functioning
rena mass; and changesin GFR which can delineate
progression of kidney disease. Thelevel of GFR being
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astrong predictor of thetimeto onset of kidney failure
andtherisk of complicationsof chronickidney disease
(CKD) such ascardiovascular disease, hypertension,
anemia, malnutrition, bone disease, neuropathy, de-
creased quality of lifeand deathi*4. Thedetermination
of serum creatinineisthe most widely used and com-
monly accepted measure of renal functionin clinical
medicine. Regardlessof itswidespread use, the accu-
racy of estimating GFR onthebasisof the serum crea
tinineconcentrationonly islimited, becauseit isaffected
by several factors, including body mass, gender, and
age. In an attempt to circumvent these limitations, a
variety of formulas have been devel oped, which also
takeinto account age, sex, and body sizeintheir calcu-
lation. Among theseformulas, theModification of Diet
in Renal Disease equations (MDRD) arewidespread,
sincethey are supposed to compensate for the major
drawbacks of serum crestinine determination and ad-
equately correlate with GFR measured by the refer-
ence method¥. Rapid and accurate estimation of the
glomerular filtration rate (GFR) isrequired for many
major clinical decisionsin patientswith chronic neph-
ropathies. Direct GFR measurement istime-consuming
and expensive, frequently requires urine collection and
isotope use, and isroutingly availablein only afew
medica centerd®. Duetolimitation of referencesmeth-
ods, itisrecommended to estimateglomeruler filtration
rate (GFR) by serum creatinine-based equations®.
Therefore, simple and accurate determination of the
GFRisdtill achdlengeclinically™. Estimation of the
glomerular filtration rate (GFR) isrequired inthe as-
sessment of patientswith chronic kidney disease (CKD)
inorder to provideinformation regarding thefunctiona
status of the kidneys. Current guidelinesadvocate the
useof prediction equations, such asthe M odification of
Diet in Renal Disease (MDRD) study-derived equa-
tions, over clearance of endogenouscresatinine(Ccr) in
achievingthisam®. Thegammacamerauptakemethod
with®"Tc- DTPA issmpleand lesstimeconsuming for
the determination of the glomerular filtration rate
(GFR)E!, In*"Tc-DTPA renography, the glomerular
filtration rate (GFR) isca culated without blood or urine
sampling®?. Thegammacameramethod hasbeen sated
aslessaccurate than the plasmaclearance method of
radionuclides®*® and is more complex than thewell
counter used for the plasma clearance method and fac-
torssuch asfied uniformly, linearity and spatia resolu-

tion which can affect theimage quantification. Inthe
present study, it wasfound that there are other factors
may affect on GFR measurements.

The purpose of the study wasto comparethe esti-
mation of glomerular filtration (GFR) from " Tc-DTPA
renography with that estimated from “Modification of
DietinRend Disease” (MDRD) equation and studying
theeffect of different parameters onthe eval uation of
theglomerular filtration rate of patientswith rena dis-
easessuch asradioactive® Tc-DTPA for patients, time
of counting of radioactivesyringeand distance between
syringe and detector of gammacamera. The GFR was
determined by two methods. first, gammacameraup-
take method modified Gates (in vivo method); and
second, Modification of Dietin Renal Disease method
(MDRD) (invitro method). Different radioactivities of
3,6,9, 12, 15and 18 mCi of *"Tc-DTPA are being
counted within 60 seconds and at distance 30 cmfrom
gammacameradetector. Theradioactivity of 12mCiis
being counted in different timesintherangefrom 10to
30 seconds and at different distances from 10 to 40
cm.

SUBJECTSAND METHODS

Patients

Inthe present work 158 subjects (100 malesand
58 females) ranginginagefrom 18to 76 years(mean =+
SD, 45+ 14.4). The 158 patients suspected of having
different renal diseaseswerereferred to Nuclear Medi-
cine Department of King Fahd Unit, Cairo University
Hospitals, Egypt. The patientswerereferred for evalu-
ation of rend function and pathophysiology inroutine
practice. They weregivenawidevariety of clinica di-
agnosisincluding chronicrend failure, hydronephrosis,
reduced rena function in an unknown cause and hedthy
personsfor donation. The present study was done dur-
ing the period of January 2009 to May 2010.

Calculation of GFR by MDRD equation

For measuring serum creetinine, it waswithdrawn
3 ml sampleof blood from patients. The serum cresti-
ninewasdone on Auto Analyzer Model Hitachi 912
(Japan) and using the smplified MDRD equation*4:
eGFR (ml/min/1.73 m?) =186.3 x [serum creatinine
(mg/dl]21%x [age (year s)] °2® x [0.742 (female)
or 1.210 (black)] (@)



RRBS, 7(3) 2013

Osiris W.Guirguis et al. 87

Thesmplified MDRD equation dlowstheclassfi-
cation rend function with acceptableprecisonand re-
quiresonly minimal information 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/
DOQI) and themorerecent KDIGO guiddines34.

Calculation of GFR by gatesmethod

9mTc-DTPA was prepared in Radioi sotope Labo-
ratoriesin King Fahd Unit, Cairo University Hospitals
(Egypt) usngacommercidly avail ablefreeze-dried kit.
The dose was ranged from 3.5 to 6.4 mCi and was
administered to 158 patientswith different renal dis-
ease and healthy persons. Prior to theadministration,
the pre-injection syringe with straight needle was
counted by two different devices: Dose Calibrator
(ATOMLAB 100); and GammaCamera(Siemen, Or-
bit, Single head), whichwasattached to aL ow-Energy
Generd-Purpose Parallel-Hole Collimator. The patient
was hydrated with 300-500 ml of water, 30 minutes
prior to theexamination. The patient lay down onabed
inthesupinepositionand theimagewill acquired apos-
terior except one patient with ectopic kidney lay down
on abed intheproneposition.®*"Tc-DTPA wasgiven
through abutterfly needleinto vein and wasfollowed
by infusion of 20 ml of normal salinethen2ml lasix.
Frames of 128 x128 matrix were recorded with an
online-compuiter, initially at onesecond for oneminute
and then at 10 secondsfor 20 minutes. The post-injec-
tion syringewith astraight needlewhich wasdetached
before the injection was again counted by agamma
camerain the same way as pre-injection. Region of
interest (ROI) over each kidney wasassigned manuadly
on theframe added from 1 to 3 minutesfollowingin-
jection. The semilunar background ROI around each
kidney was defined. The background corrected time-
activity curvewas generated, and therenal uptake of
individua kidney for 1 minutefrom 2to 3 minutesafter
theinjection was calculated. The GFR (GFR Gates)
wasautomatically estimated by acommercialy avail-
able computer (Oddesey Pegasis Labratorias, Adac)
accordingtotheGates’ algorithm.

Pre-injected syringecount asa parameter affect-
ing GFR calculation

9mTc-DTPA was prepared by Different radioac-
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tivitiesof doses 3, 6, 9, 12, 15 and 18 mCi of *"Tc-
DTPA are being counted within 60 secondsandina
distance of 30 cm from gammacameradetector. Also,
activity of 12 mCi isbeing counted in different timesin
therange 10-30 seconds and at different distancesin
therange 10-40 cm. Each of these countsisrepeated
threetimes. Applying asameregion of interest (ROI),
therateof total and themaximum countineach pixd is
being achieved for each of thisimage. The object of
thismethod isto obtain the best amount of descriptive
radioactive *"Tc-DTPA for patient, the distance be-
tween syringe and detector and time of counting of pre-
syringe, post-syringe and time of scan asaparameters
affecting GFR cdculation.

Satistical methods

Statistical analysisof theresultswere performed
by usingtheAnalysisof Variance (ANOVA) to deter-
minetheeffect of radioactive doses, timeof counting
and distance between the detector of gammacamera
and the syringeand their interaction on glomerular fil-
tration rate (GFR), meansat significancelevel of 0.05.
Corrdationand regresson anayseswerea so estimated
to computethe correlation coefficient (R) for the GFR
that measured by Gate’s method and GFR that calcu-
lated by MDRD equation. All statisticsand illustrations
(scatter plots) were carried out using Statistical Analy-
sisSystemd®™ program Ver. 9.1, SAS|Ingtitutein Cor-
poration Cary, NC 27513 USA.

RESULTS

Patient characteristics

One hundred and fifty eight (158) patients (100
mal es and 58 femal es) with varying level s of kidney
function wereinvestigated in the present study. The
patientsarereferred for evauation of rena functionin
routinepractice. They aregiven awidevariety of clini-
cal diagnosisincluding 43 chronicrend failure, 71 re-
duced rena function and 44 healthy personsthat come
tothecenter for donation. Table Lillustratesthe age of
patient in years, theradioactive doseinmCi, theweight
inkg, theheight incm and the serum creatinineof each
patient inmg/dl. Themean ageof the patientswas45+
14.4 yearsand the serum creatinine (Scr) ranged from
0.4t08.4 mg/dl withamean of 1.64 +1.48 mg/dl and
alsopresentedinTABLE 1.
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Glomerular filtration rate

The correlation between GFRs measured by the
modified Gates(invivo method) inml/min/1.73 m?and
the GFRsdetermined by Modification of Diet in Rend
Diseaseequation (MDRD) (invitro method) in ml/min/
1.73 m?for 158 patientsare shownin Figure 1. From
thefigure, itisclear that, alinear correlation between
modified Gates’ and MDRD-predicted GFR is detected
and theregression equationwasy = 1.212x + 19.15
(R=0.71, p<0.0001). This means that thein vivo
method correlateswith that of theinvitromethod. The
meansof GFRinvivoand GFRinvitroareasoillus-
tratedinTABLE 1.

TABLE 1: Clinical parameter sfor 158 patientswith differ-
ent renal diseases

Parameter Mean + SD
Radioactive dose, mCi 5.03+0.57
Age, years 45.00+ 14.40
Weight, kg 74.50 £ 18.14
Height, cm 163.59+ 10.03
Serum creatinine, mg/dl 1.64+1.48
Mean GFR in vivo, ml/min/1.73 m? 59.90 + 29.90
Mean GFR in vitro, ml/min/1.73 m? 91.81 + 50.95
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Figure 1: Scatter plot of GFRsdetermined by themodified
Gates(in vivo method) against that by the M odification of
Diet in Renal Disease equation (M DRD) (in vitro method)
for 158 patients before studying the parameters that
affectingon GFR in vivo

Thedifferencein GFRsmeasured by themodified
Gates’ (in vivo method) and the GFRs determined by
Modification of Dietin Rend Diseaseequation (MDRD)
(in vitro method) against the mean GFR of the two
methods before studying thedifferent parametersinml/
min/1.73n7 for 158 patientsareshowninFigure 2. The
differenceinthemean GFR (mean GFR, |, —mean

GFR ) Was 31.91436.4 ml/min/1.73 m? Thisindi-
catesthat MDRD resultswere much higher than that

obtained with modified gates. Indeed, inmost subjects
(in 133 out 158) the M DRD washigher than modified
gates. Intheseindividuas, theM DRD-gates difference
had positivevaues.
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Figure2: Plotsshowingthedifferencein GFRsby theM DRD
equation method (in vitro method) and the modified Gates’
method (in vivo method) against the mean GFR of thetwo
methodsfor 158 patients

Factor saffecting on measurement of GFR by scin-
tigraphy

The gammacameramethod hasbeen stated asless
accurate than the plasmacl earance method of radionu-
clided®1213, Thegammacameraismorecomplex than
thewell counter used for the plasmaclearance method
andfactorssuch asfield uniformly, linearity and spatia
resol ution can affect theimage quantification. Inthe
present study, it wasfound that there are other factors
may affect on GFR measurement likeradi oactive dose,
timeof counting of radioactive pre-syringe and post-
syringe and the distance between the detectors of
gammacameraand syringe.

Different radioactivities(3, 6, 9, 12, 15and 18 mCi)
of ®"Tc- DTPA which arebeing counted within 60, 30,
20 and 10 seconds and at distance of 30 cm from the
detector of gamma camera and the results are tabu-
latedin TABLE 2. Inthisway each of thesecountsare
repeated threetimes. Applying the sameregion of in-
terest (ROI), therate of total and themaximum count in
each pixel arebeing achieved for each of theseimages.
Theobject of thismethod isto obtain the best amount
of descriptiveradioactive®"Tc-DTPA for patient, the
distance between syringe and detector and time of
counting of pre-syringe, post-syringe and timeof scan
asaparametersaffecting GFR calculation. Table2 also
showstheanalyses of results of the different radioac-
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tivitiesof " Tc- DTPA whicharebeing counted within  different times. Theseresultsweredone by Statistical

TABLE 2: Showsthemaximum count and mean pixel count in linefor different dosesat different timesat 30 cm. Themeans

Time (seconds) 60 . 30 . 20 . 10 .
Dose Max. Pixel Max. Pixel Max. Pixel Max. Pixel
count countinline count countinline count countinline count countinline
18 mCi 22527 7327.54 10992 5222.26 7285 3402.81 3511 1580.95
21522 7534.73 10922 4786.76 7150 3041.44 3381 1488.72
21498 7573.23 10802 5059.72 7136 2826.08 3170 1506.00
Mean max. 21849.00 10905.33 7190.17 3354.00
+SD 587.2878340 96.0902354 82.4474580 172.0959035
+SE 339.0707891 55.4777233 47.6010621 99.3596162
Mean pixel 7478.50 5022.91 3090.11 1525.22
+SD 132.1448209 220.0706944 291.4291507 49.0280087
+SE 76.2938479 127.0578747 168.2566986 28.3063340
15 mCi 14251 4928.33 7085 2285.14 4762 1892.27 2411 773.115
13954 5333.73 7114 2338.65 4662 1709.32 2302 794.88
13875 4800.22 6964 2202.38 4609 1653.03 2368 835.73
Mean max. 7054.3300000 7054.3300000 4677.6700000 2360.3300000
+SD 79.5633919 79.5633919 77.6938436 54.9029447
+SE 45.9359457 45.9359457 44.8565615 31.6982299
Mean pixel 5020.7600000 2275.3900000 1751.5400000 801.2416667
+SD 278.5062094 68.6562095 125.0833350 31.7885618
+SE 160.7956350 39.6386810 72.2168971 18.3531347
12 mCi 13187 6150.74 6435 2981.22 4405 2204.65 2131 1092.72
13278 6875.98 6538 337154 4413 1980.53 2108 1124.52
13186 6236.02 6607 3303.75 4385 2011.28 2143 1097.97
Mean max. 13217.00 6526.67 4400.67 2127.33
+SD 52.8299158 86.5582655 14.4942517 17.7857621
+SE 30.5013661 49.9744379 8.3682601 10.2686145
Mean pixel 6420.91 3218.84 2065.49 1105.07
+SD 396.3993226 208.5548638 121.4957433 17.0475071
+SE 228.8612556 120.4092068 70.1456001 9.8423828
9 mCi 12089 5601.75 6077 3290.38 4048 2077.82 1969 1091.36
12295 5957.93 6088 3097.98 4081 2090.22 2002 1110.40
11876 5841.84 6102 3126.8 3984 2022.22 2041 1168.22
Mean max. 12086.67 6089.00 4037.67 2004.00
+SD 209.5097452 12.5299641 49.3186915 36.0416426
+SE 120.9605078 7.2341781 28.4741598 20.8086520
Mean pixel 5800.51 3171.72 2063.42 1123.33
+SD 181.6518137 103.7679854 36.2149141 40.0273523
+SE 104.8767236 59.9104743 20.9086904 23.1098026
6 mCi 7122 3840.00 3538 1890.05 2426 1397.03 1188 644.75
7121 4271.88 3554 1958.66 2423 1400.35 1232 678.82
7108 4001.46 3532 2067.56 2322 1402.54 1186 685.99
Mean max. 7117.0000000 3541.1700000 2390.3300000 1202.0000000
+SD 7.8102497 11.4491630 59.1974099 26.0000000
+ SE 4.5092498 6.6101773 34.1776405 15.0111070
Mean pixel 4037.7800000 1972.0900000 1399.9700000 669.8533333
+SD 218.2187902 89.5138185 2.7742446 22.0337294
+SE 125.9886773 51.6808272 1.6017109 12.7211796
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Time (seconds) 60 - 30 . 20 . 10 _
Dose Max. Pixel Max. Pixel Max. Pixel Max. Pixel
count countinline count countinline count countinline count countinline
3mCi 3294 1740.36 1616 897.47 1074 609.45 564 302.16
3326 1996.55 1637 974.78 1102 648.31 552 286.39
3321 1909.50 1663 932,01 1067 621.18 587 325.22
Mean max. 3313.3300000 1638.5000000 1081.0000000 567.6666667
+SD 17.3949226 23.2862620 18.5202592 17.7857621
+SE 10.0429633 13.4443297 10.6926766 10.2686145
Mean max. 1882.1400000 934.7533333 626.3133333 304.5900000
+SD 130.2685420 38.7279412 19.9320905 19.5287199
+SE 75.2105778 22.3595873 11.5077978 11.2749117
Analyses Systems ™., method isaccuratefor predicting the GFR™. Several
sourcesof errorsintheestimation of GFR by scintigra-
DISCUSSION phy arerecognized: background correction, decay sta-

Edtimation of theglomerular filtrationrate (GFR) is
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) inachievingthisaim®. Renal scintigraphy isa
valuableway to assessthe three sequential phases of
rend function. Thefirst phase constitutestherapid dy-
namicimaging thatisdoneduring thefirst minute after
tracer injection which evaluates perfusion. The second
phaseisthe period in which the nephrons extract the
tracer from the blood and excreteit by glomerular fil -
tration and /or tubular secretion. Thethird phaseisthe
period during which the tracer drains through the
pelvicalycea system. Time-activity curvesgenerated
usingaregion of interest over thekidney reflectsthese
sequentid changesinrend function. Eachsuch curveis
called arenogram. Radionuclide renograms based on
thesethree stages of rena function provide amethod
for quantitatively eval uating kidney function*,

The Gates correl ated well with theplasmasample
method. Thesignificant correlation of therena uptake
of *MTc-DTPA against the 24-hours cregtinine clear-
ance haspromoted thismethod for clinical application
inroutine practicd. However; the Gateswasproved
to beinaccurate and | ess precisethan the CG for pre-
dictingthe GFR. In addition, the Gatestended to over-
estimate the GFR. Theseresultswereconsistent with
previousreportd*18, It hasdebated whether the Gates’

tistics, attenuation correction, and estimation of arterid
plasmaactivity, volumemeasurements and radiophar-
maceutical quality™®?. Review of the obtained results
from different activitieswithin 60 seconds showed that
thetota count isincreased from 3upto 15mCi while
increased sharply at 18 mCi. Thismeansthat thegamma
camerawill be paralyzed in high activity. So, descrip-
tiveamount of activity should belessthan 15mCi in
order to prevent the paralysis of thedevice. Review of
the maximum mean count in pixel intheimagesthat
mentioned showed that except theamount of 3mCi, in
which themaximum mean count in eech pixe wasequd
to 3313. In activitiesmorethan 9 mCi up to 18 mCi,
themaximummean countinpixel of al imageswasequd
t021849. Thismay beindicated that saturation of pixe
inactivitiesof 9to 18 mCi. Asit can beproved herein
thisevent, increaseinthetotal count isappropriateto
theincrease in activity. But, thisisnot aoneto one
ratio. In order to decrease the saturation of pixel, the
timeof counting should be decreased. Counting within
different timesof 12 mCi and at adistance of 30cm
showed that the maximum counts/pixel in 10 and 20
secondsarelessthan saturation limit. But, inimages of
30 and 60 secondsindicate again face to the phenom-
enon of saturation. So, thetime of counting should be
mentioned |essthan 20 secondsto prevent the satura-
tion of pixels. Moreover, the count performed of activ-
ity 12mCi indifferent distances showed that saturation
of pixelswill happenindistanceat 10 cm, but at dis-
tancesof 20to 40 cm the saturation phenomenonisnot
existed. By increasing the distancefrom 20 to 40 cm,
remarkabl e count decreasewill be happenedi.e., the
count will decrease proportion to theinverse square.
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Lack of count will bejustified withincrease of distance
inthese picturesand withincreasefield of view of col-
limator holes. In accordance with the obtained results
inthese events, theamount of activity 12 mCi, asan
optiona amount for computing of GFR, ismentioned
with coincident scan and isbeing counted at distance of
30 cmfrom collimator with 10 seconds. Then, thedose
mentioned aboveand routine scan of kidney [withma:
trix of 128 x 128] is done for 32 minutes.

Finally, theinjected syringe and a so the place of
injection for 30 secondsand at adistance of 30cm are
beingimaged. Theoptiona matrix for imageof syringe;
pre-, post-, and place of injection wasin 256 x 256.
So thispresent study showed that computation of GFR
coincident with performance of scanthekidney will be

possible.

CONCLUSIONS

Inconclusion, by studying thedifferent parameters
(radioactive®™ Tc-DTPA for patient, timeof counting
of radioactive syringeand distance between syringeand
detector of gammacamera), it wasfound that the *™Tc-
DTPA renography will becomemoreaccuratein mea
surement of GFR, if these parameters are corrected.
The present study showed that computation of GFR,
coincident with performance of scan of thekidney, will
be possibleto usethistechnique, if thefollowing points
areoffered:

1. Amount of descriptiveradioactive® Tc-DTPA for
patientisfrom 10to 15 mCi.

2. Timeof countingthesyringeshould putin consid-
eration at distancesintherangefrom 20to 40 cm
(wheretimeof countingisinversely proportiond to
the distance between the syringe and detector).

3. Afterinjection, thescanwill bedoneintwo stages
(thefirst stage: 60imagesfor 1 second and the sec-
ond stage: 180imagesfor 10 seconds).

4. Thedistance between syringe and detector should
be considered intherange 2040 cm.

5. Whenthescan of kidney finished, counting of sy-
ringe after injection and counting of the place of
injectionwill be performed within 30 seconds.

6. Optima matrix for imageof syringe(preand post)
and place of injectionis 256 x 256 and for scan
128 x 128.

7. Usingaformulaoffered by Gates, the computation
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of GFRisdone.

8. Although, inthisstudy, inthe caseof theradioac-
tivedosesof 3, 6, 9, 12, 15 and 18 mCi, the dis-
tance and timeof counting isapresented limit, but
each part should useaspecified number in limits
mentioned above so that the obtained results be

repetitive.
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