
quality than [â€˜31I]OIHand substantially less radiation to
the patient in individualswith impairedrenal function (5).
The clearance of MAG3 is proportional to the effective
renal plasma flow (OIH clearance) and can be used as an
index of renal function (3,6â€”10).The favorable dosimetry
and superior clinical applications of @Tc-MAG3have re
suited in increasedclinicaluse since its introductionin 1992
so that it now accounts for approximately 40% of the esti
mated 420,000 renal scans performed annually in the
United States.

Clearance measurements can serve as an importantaid
in the interpretation of renal scintigraphy. Techniques have
already been developed and validated to measure the
MAG3 clearance based on single- or dual-plasma samples
(11â€”13),butplasmasampleclearancemethodsrequireme
ticulous technique before reliable results can be obtained
(11, 12). With nuclear medicine evolving toward increased
camera and computer sophistication, many technologists
no longer have adequate in vitro experience to obtain reli
able plasma sample measurements. Furthermore, the new
regulations deriving from implementation of the Clinical
Laboratory Improvement Act (CLIA) have added a new
level of administrativerequirements for laboratories han
dling blood and urine samples.

Camera-based clearance techniques are available
commercially to measure the glomerular filtration rate
(GFR) using 99mTc diethyltriaminepentaacetic acid
(DTPA) and effective renal plasma flow (ERPF) using
OIH (14â€”17); potential improvements have been sug
gested by several investigators (18â€”20).A preliminary
camera-based technique to determine MAG3 clearance
has been introduced and appears to give good results
(21,22). This report, however, describes a camera
based technique to calculate MAG3 clearance which
contains a number of optimized features, including an
automated elliptical background region of interest
(ROI), better estimation of renal depth, a more appro
priate attenuation coefficient, correction for dose infil
tration and table attenuation, correction for disparities
between starting the camera and injecting the dose and
an acquisition technique to correct for dose counting on
cameras with different size fields of view.

Because commerciallyavailablecamera-based methods are not
optimized,theyfailto accountfordose infiltration,tableattenu
ationand correspondence between timeof injectionand starting
the camera. We have developed a more optimized technique to
calculate camera-based clearances and applied this technique
inthe design of a camera-basedclearancemethodfor @â€˜@Tc
MAG3. Methods: Technebum-99m-MAG3santigraphy was
performed in 20 patients who had varying degrees of renal
function. Data were acquired posteriorlyin supine patients at
2 sec/framefor 24 frames, 15 sec/frame for 16 frames and
30 sec/frame for 40 frames. Background correctionwas per
formed using an automated elliptical region of interest. Renal
depth was estimated using improvedregression equations and
an empiricallydetermined attenuation coefficient derived from
phantom studies. Correctionswere made for table attenuation
andtimediscrepanciesbetweendose injectionand startingthe
camera. The percent injecteddose in the kidneyat 1-2, 1-2.5
and 2-3 mmpostinjectionand the percent injecteddose at those
time periods corrected for body surface area were correlated
withMAG3dearance based on a single injection,two-compart
ment model. Results: There was high correlationbetween the
percent injecteddose inthe kidneyat allthree time penods and
the muttisampleclearance.Correctingfor body surfaceareas
significantlyimprovedthe correlationcoefficients.Consequently,
regression equations were developed to predict muttisample
clearance based on percent dose and body surtace area.
Conclusion: The optimizationfeatures described inthis method
should improveprecisionwhen sequential studies are con
ducted in the same patient.

Key Words: camera-based clearance; technetium-99m-MAG3
clearance

J NuciMed1995;36:1689-1695

echnetium-99m-mercaptoacetyltriglycine (MAG3) is a
renal imaging agent that is excreted from the body at es
sentially the same rate as â€˜31I-hippurate(OIH) (1â€”4).Be
cause of the @Tclabel, MAG3 provides superior image
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Patient
no.AgeSexHsight (cm)Wsight(kg)MAG3clearanceBSA147F158.755.41291.56261M172.7862462.00369M15466511.64441M180.3812662.01529F157.547.72031.45616F154.9502911.47768F142.272311.61856M175.2701791.85943M180.3852512.051064M177.873.62201.911

167M175.377.32131.931240F1
72.762.73411.751378F167.686.44681.961440M167.663.62341.721556M175.386.42802.021665M186.792.3932.181

771F162.557.72841.611845F170.295.64002.071938M182.997.33842.192043F1751145032.27

TABLE1
Results of MultisampleMAG3Clearance (Milliliterper Minute)

and BodySurface Area (BSA)

50%

Seconds

FIGURE1. First48 sec of dataacquiredat 2-sec intervalsand
displayed as a time-activitycurve. The points representing I 5% and
50%ofthe maximalactivityweredefinedand extrapolatedbackto
zero counts to define the time of the arrival of the bolus in each
kidney. This time was defined as time zero.

maximumvalue. Byusingthese twopoints, the slopeof the bolus
curve is extrapolated back to zero counts to determine the time of
bolus arrival in each kidney (Fig. 1). The time-activity curve and
the linear extrapolationback to zero counts were displayed for
each kidney and could be modifiedby the operator if the extrap
olated line did not appearto fit the slope of the bolus. This could
occur, for example, if the bolus were injected before starting the
camera and the computer could not find 15% of the maximum
activity. The initial48-secacquisition(2 sec/frame)was divided
into three 16-secintervals;timezerowas definedas the beginning
of the 16-sec intervalin which the earlierof the two extrapolated
renal curves intersected the x-axis.

Muftisample Clearance
In each patient, MAG3 clearance was determined using the

single-injection, two-compartment model of Sapirstein (24). This
method has been described in detail and was based on a bolus
injection followed by eight blood samples obtained from 5 to 60
mm postinjection (11,12).

Background Correction
An automatedellipticalROI around each kidneywas used to

correct for background (25). The kidney ROIs were manually
assigned. The ellipticalbackgroundregions were generated by
first drawing an imaginary box around the limits of the kidney
ROl.Thepixelcoordinateswereusedtodeterminethewidthand
height of the box. The backgroundROl was drawn as a double
ellipse: each ellipse needs a majorand minoraxis. The majoraxis
of the innerellipse was the lengthof the box + 4 pixels; the minor
axis was the width of the box + 4 pixels. For the outer ellipse, the
majoraxis was the majoraxis of the innerellipse + 3 pixels. The
minor axis was the minor axis of the inner ellipse + 3 pixels.
The area within the double ellipse defined the backgroundROl.
The counts per pixel in the backgroundROl were normalizedto
the number of pixels in the kidney ROl and subtracted from
counts in the kidney ROl to determinethe background-corrected
counts. The background-corrected counts were then corrected for
renal depth and attenuationas described below.

MATERIALSAND METhODS

Patients
The study groupinitiallyconsisted of 26 patients. Five patients

were excluded because of dose infiltrationexceeding 0.5%; a
small amount of infiltrationwould not have much effect on the
percent dose in the kidneysduring the interval from 1 to 3 mm
postinjection,but it could potentiallyinvalidatethe multisample
clearancethat was used as the goldstandardand requiresa bolus
injection. Another potential source of error is the gold standard
itself, the multisampleclearance. Dose infiltration,errors in pre
paring the standards or errors in drawing the blood samples can
resultin an incorrectclearance measurement.As a qualitycontrol
procedure,we applieda modificationof the AkaikeInformation
Criterion,which provides an objectivemeasure to evaluate the
qualityofthe curvefit(23).Specifically,thiscriterionallowsus to
compare the actual plasma disappearancecurve with the plasma
disappearancecurve predicted by the two-compartmentmodel.
Onepatientwas excludedbecauseof a poorfit (modelselection
criterion less than 3). The remaining20 patients comprised the
study populationand are summarizedin Table 1.

Data Acquisition and Time Zero
Data were acquiredin a 128 x 128matrixusing a low-energy,

all-purpose collimator. There was an initial 48-sec (twenty four
2-sec frames) acquisition followed by sixteen 15-sec frames and
forty 30-sec frames for a total acquisitiontime of 24 mm and
48sec.Toavoidtimingerrorsduetoinjectingthedosepriorto
starting the camera or starting the camera before the dose was
injected,timezero was definedas the time that the dose reached
the kidney.

The time that the dose reached the kidney was determinedby
assigninga whole kidney ROl on the 2â€”3mm image and then
generatinga time-activitycurve foreach kidneyduringthe first48
secafterinjection.Thesoftwareautomaticallypickstwopointson
the 48-sec time-activity curve which are 15% and 50% of the
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Renal Depth
Weusedanimprovedformulato estimaterenaldepththatwas

derivedfromCT measurementsin 200supinepatients:Left renal
depth(mm)= 161.7weight/height+ 0.27age â€”9.4andrightrenal
depth (mm) = 151.3 weight/height + 0.22 age â€”0.77, in which
weightis in kilogramsand heightis in centimeters(2427).

Table Attenuation
The table attenuationfor two separateimagingtableswas mea

sured using a low-energy, all-purposecollimatorand a 128 x 128
matrix resolution. With the gamma camera pointing up, a syringe
containing approximately 350 @Ci[@Tc] pertechnetate was
placed on the collimator surface and counted for 1 mm. The
imaging table was then placed over the gamma camera so that the
bottom of the table touched the collimator surface. The syringe
was tapedon the tablesurfaceat 2-cm incrementsacross the
width of the table and syringecounts were measured for 1-mm
intervals. These counts were decay-corrected and the table atten
uationwas obtainedby averagingthe percent tableattenuationat
these 16 points. Based on these data, the attenuationcoefficients
for the two tables were calculated to be 1.069 and 1.043, respec
tively.

Attenuation COefficient
The attenuationcorrection appropriatefor a kidney sized dis

tribution of activity in tissue was determined from a phantom
model. A 200-mIbottle (a 6.5 x 4.5-cm ovoid in a cross-section)
filledwith water was used to representthe kidney. The body was
modeled with an elliptical SPECT phantom filled with water.
Technetium-99m-pertechnetate (500 MCi) in approximately 1 ml
wereimagedfor120sec. Theactivitywasinjectedintothe200-ml
bottle filledwith water, which was placed in the ellipticalphantom
and imaged at depths (measuredfrom the center of the bottle to
the outside edge of the phantom)rangingfrom3.5 to 13.5cm. The
same ROl was placed over each bottle image; counts were then
extracted from each image and corrected for decay. The counts
were plotted (counts versus depth) and fit with an exponential
curve. The counts extracted from the original small volume were
used as the intercept (no attenuation). The resulting attenuation
correctionwas CF = exp (0.137/cm)(xâ€”1.1cm), in whichCF is
the correctionfactor andx is the depth in centimeters. The factor
of 1.1 cm can be attributedto the distributionof activity through
out a volume (the factor should be zero for a point source).

Dose lnflftration
At the completionof the study, an imagewas obtainedover the

injectionsite. If any infiltrationwas noted, a tightROIwas drawn
around the area of infiltrationand the counts were decay-cor
rected and divided by the counts injected. There was no correc
tion for depth or attenuation. If infiltrationexceeded 0.5%, the
patientwas excludedfromthe study.

Counting the Dose Injected
The syringe containingthe dose was counted by placing it in a

syringe holder parallel to the face of the camera; the syringe
holder is 30 cm above the face of the camera. The postinjection
syringewas alsocountedon the cameraand residualactivitywas
corrected for decay and subtractedfromthe preinjectionsyringe
counts to yield the dose injected. Because the total counts depend
on the area of the counting surface and because cameras may
differ in crystal size, the technologist centered a square ROl (48 x
48 pixels, approximately 15 x 15 cm) over the dose and postin
jection syringeto maintaina uniformarea.

Deadtime losses are approximately 1% when 1.5 mCi were

counted on the GE ACT camera (Milwaukee, WI). Most of the
patientsreceived 1.5 mCior less. Largeradministereddoses were
correctedfor deadtimelossesbasedon a calibrationcurve for the
specificcameraused in the study.

Percent Injected Dose In the KIdneys
The percent injected dose in the kidneys for various time pe

nods in the intervalbetween 1 and 3 mm postinjectionwas deter
mined using the following equation:

(TAFX1eftkidney countsâ€” background)
e0.137@â€•1.1)

(TAFXrightkidney countsâ€” background) /
+ â€”0137(xâ€”11) /counts injected,

e@ I

where x is the renal depth, 0.137 is the effective attenuation
coefficient of @â€˜@Tcin tissue and TAF is the table attenuation
factor; counts injected were determined by counting the pre- and
postinjection syringe over the camera (see below). Because of the
framing rate, the interval we describe as 1â€”2mm, for example,
was actually 63-123 sec.

Correction for Body Surface Area
The optimized software described above was used to calculate

the percent injected dose in the kidneys at various time periods
within the 1â€”3-mmperiod postinjection for the 20 patients. The
percent injected dose was also corrected for body surface area
(BSA)thatwas calculatedas follows:

BSA(m2) (@4@XHÂ°@X71.84)/10,000,

where W is weight in kilogramsand H is height in centimeters
(28).

Statistical Malysls
Topredictthemultisampleclearancebasedonthepercentdose

in the kidney at time points 1â€”2,1â€”2.5and 2â€”3mm, a series of

regression equations were fitted. First, the regression line multi
sample clearance versus percent dose in the kidney was fitted for
each time interval. Second, the variable BSA was added to the
model to correct for BSA. For predictivepurposes, a finalmodel
was developedwitha singlevariablerepresentingBSA andthe
percent dose in the kidney.

RESULTS

Therewas highcorrelation(r 0.9) between the percent
injected dose in the kidney and the multisampleclearance
for all three time periods. The regression equation for per
cent dose in the kidney at 1â€”2.5min was as follows: Tech
netium-99m-MAG3 clearance = 12. 1 (% dose at = 1â€”2.5
min) â€”10.4, R2 = 85%.After correcting for body surface
area(see equationbelow), the totalvariation(R2)explained
by the regression line improved from 85% to 95%, which
represented a significant improvement in the predictive
power of the regression equation (p < 0.0001). Therefore,
a better regression equation could be obtained after cor
recting for BSA. A single variable (BSA/1.73 x percent
dose in the kidney)was used to develop the finalregression
equations that improved the correlation coefficients from

0.9 for the three equations to O.96.The percent dose
corrected for BSA at 1â€”2,1â€”2.5and 2â€”3min were highly
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BSA in any given individual,we can be 95%confident that
the true clearance value lies between the lower and upper
limit of the confidence interval. For example, if the mea
sured @Tc-MAG3clearance was 400 mI/min, we could
use Figure 2 and be 95% certain that the true value lay
approximately between 376 and 424 mI/min.

DISCUSSION

Dose infiltration exceeding 0.5% occurred in 5 of the first
21 patients. Most of these patients were injected by direct
vempuncture. Subsequently, a catheter was inserted prior
to injectionand the dose was injected throughthe catheter.
This procedurehas minimizedthe problemof dose infiltra
tion, which can invalidate the plasma sample or camera
based clearances; imagingover the injection site proved to
be a valuable quality control procedure.

The Tonnesen equations for renal depth used in the
Schlegel and Gates camera-based method were derived
from an ultrasonic measurement of renal depth with the
patient in a sitting position and the probe angled obliquely
to the kidney (14â€”17,29).Since most renal studies are
performedwith the patient supine and the camera placed
beneath the patient, the Tonnesen equations do not pro
vide an optimal estimate for renal depth and the error
increases as the depth increases (26). In these studies, we
have used improved renal depth correction equations
based on CF measurements in 200 supine patients. The
new depth equations provide a much better estimate of
renal depth than the Tonnesen equations (26,27).

Correction for table attenuation minimizes another po
tential source of error. In our institution, there was a 2.6%
difference in attenuation correction for the tables used in
renalstudies. This differenceis small andwould only result
in an error of 5 mI/min in a patient with a @â€œTc-MAG3
clearance of 200 mI/minifwe used the same attenuationfor
both tables. There may be, however, greaterdifferences in
tables from different manufacturers and the addition of
correction for table attenuation may provide better com
parison data for camera-based clearances, especially when
measurements are performedon tables provided by differ
ent suppliers.

The linear attenuation coefficient for @Tcin tissue is
0.153/cm and this value is used in most commercial GFR
protocols; however, the effective attenuation is actually
due less to scatter. We measured effective attenuationus
ing a renalphantomin a water bath and used our measure
ments of effective attenuation to correct for renal depth.
Our value of 0.137/cm was similar to those reported by
Fleming (0.12/cm), Cosgriff (0.11/cm) and Corrigan(0.14/
cm) (30â€”32).A simple linear attenuationfactor assumes a
point source; however, the kidney is a distributedsource
and a distributedsource is not equivalent to a point source
at the center of the volume. The size and shape of the
volume have an effect on the measured counts primarily
because of self-attenuation and Compton scatter. To deter
mine the true counts, we initially counted the dose in a

.1
I
I

FiGURE 2. Regression line shows the relationship between the
percentinjecteddose 1-2.5 mmpostinjectioncorrectedforBSAand
themultisample @rc-MAG3clearance.Thedottedlinesshowthe
95% confidence limits.

correlated to each other with all correlations greater than
0.99. Therefore, the predictive power of all three regres
sion equations was approximately the same.

The regression equations for the @â€˜Tc-MAG3clearance
(CL) based on the percent dose in the kidney at 1â€”2,1â€”2.5
and 2â€”3min corrected for BSA are given below:

CL(1â€”2nun) = 17.6(% dose at 1â€”2mm)

(BSA/1.73m2)+ 2.5

CL(1â€”2.5mm) = 1O.8(% dose at 1â€”2.5mm)

(BSA/1.73 m2) â€”2.5

CL(2-3min)=13.2(%doseat2-3min)

(BSA/1.73m2)â€”4.7.

The standarderrorof the slope was 1.2, 0.6 and 0.7 for
the equations at 1â€”2min, 1â€”2.5min and 2â€”3min, respec
tively, the standard error of the intercept was 18.1, 14.9
and 15.4, respectively, and the variation (R2) was 93%,
95% and 95%, respectively. The data comparing the per
cent dose in the kidney at 1â€”2.5minpostinjectioncorrected
for BSA are shown in Figure 2. The dotted lines represent
the 95%predictionintervalaroundthe regression line. This
means that for the percent dose in the kidney corrected for
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smallvolume of approximately1 ml before placing it in the
200-mi phantom. The empirically determined 1.1-cm value
in our attenuationcorrectionfactor, exp (0.137/cm)(x â€”1.1
cm), helps compensate for the kidney as a distributed
source. More accurate attenuation correction should im
prove the accuracy of measuring accumulation @Tc
MAG3 or any @Tcradiopharmaceuticalin the kidney.

Counts in the renal ROl in the 1â€”3-minpostinjection
period are a function of actual tracer clearance by the
kidney plus background activity due to tracer present in
the tissue anterior and posterior to the kidney, blood-pool
activity within the kidney and activity in the interstitial
space of the kidney. An accurate measurement of renal
clearance requiresa precise backgroundcorrection. In this
respect, MAG3 has an inherent advantage over DTPA
because it is extracted much more efficientlyby the kidney.
In normal volunteers, for example, the 2â€”3-mmrenal up
take of MAG3 was almost twice as great as the 2â€”3min
renal uptake of DTPA (5). Consequently, the kidney-to
background ratio is higher for MAG3 than DTPA and er
rors due to backgroundselection will not have as great an
effect.

Regardless of the radiopharmaceuticalused, however,
backgroundcorrection is problematicand is accentuated in
patients with poor renal function because of the reduced
kidney-to-background ratio. Furthermore, variations in
backgroundROIs can affect measurementsof absolute and
relative renal function, especially in patientswith impaired
function. Differentindividualsmay assign backgroundsdif
ferently and even the same individual may assign different
backgrounds at various times. To minimize interobserver
and intraobservervariability, to better account for scatter
from the liver into the kidney ROI and to obtain better
reliability in sequential studies, we used an automated el
liptical background ROl around each kidney. Ellipticalor
perirenal background subtraction appears to be the proce
dure of choice for @Tc-MAG3studies (25).

We counted the dose by placing it in the syringe holder
parallel to the face of the camera. If the dose exceeds a
count threshold for a particularcamera, deadtime losses
will result, the injecteddose will be underestimatedandthe
clearance overestimated. If the injected dose does exceed
the counting threshold of the camera, a correction for
deadtime can be made using a calibrationcurve. Alterna
tively, a small dose can be counted that does not exceed
the count capacity of the camera; the small dose and the
dose to be injected can be counted in the dose calibrator
and the ratio of the two can be used to determine the
counts injected. The postinjection syringe should also be
counted on the camera to correct for incomplete dose
administration.

The mean kidney counts normalized to 1 mCi were dis
played in 15-sec intervalsfrom 1â€”3.5min (Fig. 3). Based on
these data, errors in sequential studies due to the 15-sec
framing interval would be minimized by integratingover
2â€”3min and the 2â€”3-mininterval might be preferred for the
regression equation. A potential limitation of the 2â€”3-min

Mean Kidney
Counts
(normalized to
1mCiinjected)

1 mm. 2 mm. 3 mm.

FiGURE 3. Pooled data forthe 20 patientswithmean counts in
thekidneynormabzedtoI m@iat15-secintervalsfrom1to3.5 mm.

interval is the possibility that some of the tracer might be
excreted from one or both kidneys during the 2â€”3-min
period. This did not appearto be a problem in our patient
population since the 1â€”2-,1â€”2.5-and 2â€”3-minregression
equations were all highly correlated and all fit the data
equally well; however, rapidexcretion could be a problem
in an individualpatient.

To minimize processing time, we used a three-phase
acquisition. Time zero was defined as the beginningof the
16-sec interval in which the earlier of the two extrapolated
renalcurves intersected the x-axis. This framingrate limits
the error in defining time zero to 16 sec; in sequential
studies, for example, if the bolus intersected the x-axis at
16 see, time zero would be defined as 0 sec; if the bolus
intersected the x-axis at 17sec, time zero would be defined
as 17 sec. With improved hardware, a more rapidframing
rate and integrationat 1â€”2or 1â€”2.5mm would be prefera
ble.

One problem with basing clearance on the percent up
take in the kidney is that the uptake is partiallydependent
on blood volume (33). An empirical clearance estimation
based on the early uptake of a tracer assumes instanta
neous mixing and that the quantity of tracer transferred
from the extracellularspace back into the plasma is negli
gible. According to these assumptions, the percentage up
take during the 1â€”3min postinjection period should be
approximately proportional to the clearance expressed as a
percent of the plasmavolume (30). Since plasmavolume is
proportional to body size, the correlation might be im
proved by correcting the clearance for body size. This
concept is somewhat analogous to using a standardized
uptake value (SUV) for [â€˜8F]fluorodeoxyglucose or other
diffusible tracers. For example, Kim et al. (34) have
pointed out that the measurementof relative uptake value
of most diffusible tracers may be improved with a correc
tion for BSA and Mulliganet al. (35) have reportedthat the
Gates equation correlated better with the GFR when cor
rected for BSA. Consequently, we derived one regression
equation to convert the percent dose of MAG3 in the
kidneys to MAG3 clearance and a second regression equa
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tion that corrected the percent dose in the kidney for BSA
and then converted this BSA corrected value to MAG3
clearance. In our patient population, there was significant
improvements in the results when we corrected for BSA.

Serum creatinine is the most common measure of renal
function in current clinical practice, but it is not an accu
rate index of GFR; at best, it is a rough guide (36). A
patient may lose up to 50% of renal function before the
serum level of creatmine increases to an abnormal value.
There is a wide range of values for serum creatinine at all
levels of inulinclearance (GFR), and creatininecan remain
within the normalrangedespite inulinclearances up to 60%
below normal (36). A formal measurement of creatinine
clearance with blood and 24-hr urine samples is Ã§umber
some and may be an unreliable method of evaluating renal
function (37).

Camera-based clearances appear to provide a more re
liable measure of renal function than serum creatinine or
creatinine clearance (38). Although they are not as accu
rate as plasma sample clearances, camera-based clear
ances are highly reproduciblein stable patients. Gates re
ported a correlation coefficient of 0.99 between camera
based GFR measurements repeated on different days in
stable patients (16). Chachati et al. also compared the
reproducibilityof the Gates and Schiegel techniques in 10
stable patients (20 kidneys) 7 days apart and also found
excellent reproducibility, r = 0.91 for GFR and 0.95 for
ERPF (39). Finally, Klingensmith et al. (40) recently corn
pared the renal uptake of @â€œ@â€˜Fc-MAG3at 1â€”2min as a
percent of the injected dose in 36 patients studied at least 2
days apart and reported excellent reproducibility (r =
0.99).

CONCLUSION

MAG3 is widely used and is considered to be superior to
DTPA by the United Kingdom Renography Standardiza
tion Group (41). A camera-based clearance technique for

@Tc-MAG3has been developed with optimized features
that are easily incorporatedby other centers. Its accuracy
certainly appears to be comparable to that reported for
camera-based clearance techniques using OLHand DTPA
and the optimization procedures should improve the pre
cision of the measurements (14â€”17,34,37â€”40,42â€”44).
Given the errors associated with estimating renal depth
from a regression equation (26), the results are actually
better than we expected. Our camera-based method to
determine @â€˜@Tc-MAG3clearance will need testing in a
larger population to better define its accuracy and limita
tions.

ACKNOWLEDGMENTS

WethankMallinckrodt,Inc.,forsupplyingtheMAG3kitsused
in this study. We also express our appreciation to Patti Ray for her
assistance with the manuscript.

1694 The Journalof NuclearMedicineâ€¢Vol.36 â€¢No. 9 â€¢September1995

REFERENCES
1. Taylor A, Eshima D, Christian PE, et al. A technetium-99m-MAG3kit

formulation:preliminaiy results in normalvolunteers and patients with renal
failure.I Nuci Med 1988;29:616-.622.

2. Taylor AT, Eshima D, Fritzberg AR, et al. Comparison of iodine-131-OIH
and technetium-99m-MAG3renal imagingin volunteers.I NuciMed 1988;
27:795â€”803.

3. Taylor A, Ziffer JA, Steves A, et al. Clinical comparison of 1-131-0111and
the kit formulation of Tc-99m mercaptoacectyltriglycine. Radiology 1986;
170:721â€”725.

4. EshimaD, TaylorA. Technetium-99mmercaptoacetyltriglycine:updateon
thenewTc-99mrenaltubularfunctionagent.SeminNuciMed 1992;22:61-
73.

5. Stabm M, Taylor A, Eshima D, Wooten W. Radiation dosimetiy for tech
netium-99m-MAG3, technetium-99m-DTPA and iodine-131-OIH based on
humanbioÃ§listributionstudies.JNuclMed 1992;33:33-40.

6. RussellCD,ThorstadB, YesterMV,et al.Comparisonof technetium-99m-
MAG3with iodine-131-hippuranby a simultaneousdual-channeltechnique.
INuci Med 1988;29:1189â€”1193.

7. Itoh K, Tsukamoto E, Kakizaki H, et al. Phase II study of Tc-99m MAG3
in patients with nephrourologic diseases. din NuciMed 1993;18:387-393.

8. JafriRA, Britton KE, Nimmon CC, et al. Technetium-99m-MAG3, a corn
parisonwith iodine-131-hippuran by simultaneous dual-channel technique.J
NuciMed 1988;29:147â€”148.

9. BubeckB, BrandauW, WeberE, et al. Pharmacokineticsof technetium
99m-MAG3in humans.JNuclMed 1990;31:1285-1293.

10. Muller-SuurR, Bois-SvenssonI, MeskolL. A comparativestudyof renal
scintigraphy and clearance with technetium-99m-MAG3 and iodine-123-
hippurate in patients with renal disorders. INuciMed 1990;31:1811â€”1817.

11. RussellCD, TaylorA, EshimaD. Estimationof technetiurn-99m-MAG3
plasma clearance in adults from one or two blood samples. J Nuci Med
1989;30:1955â€”1959.

12. TaylorA Jr. CorriganP, EshimaD, FolksR. Prospectivevalidationof a
single sample technique to determine Tc-99rn-MAG3 cleamance.JNuclMed
199233:1620â€”1622.

13. BubeckB, PiepenburgR, GretheU, EhrigB, HahnK. A newprincipleto
normalizeplasmaconcentrationsallowingsingle-sampleclearancedetermi
nations in both children and adults. Eurl NuciMed 1992;19:511â€”516.

14. SchlegelJU, HalikiopoulosHL, PrimaR. Determinationof the filtration
fractionusingthe gammacamera.I Urn! 1979;122:447â€”450.

15. SchlegelJU, HamwaySA. Individualrenalplasmaflowdeterminationin2
minutes I Urn! 1976;116:2882-2285.

16. GatesGF.Glomerularfiltrationrate:estimationfromfractionalrenalaccu
mulation of Tc-99m DTPA (stannous). AIR 1982;138:565â€”570.

17. Gates GF. Split renal function testing using Tc-99m DTPA: rapidtechnique
fordeterminingdifferentialgiomerularfihtration.ClinNuc/Med1983;8:400-
407.

18. AwdehM, KourisK, HassanIM,Abdel-DayemHM.Factorsaffectingthe
Gates' GFR measurement [Abstractj. I Nuci Med 1989;30(suppl):843.

19. HurwitzGA, ChampagneC, GravelleDR. SmithFJ, PoweJE. Thevan
ability of processing of technetium-99m DTPA renognaphy:role of interpo
lativebackgroundsubtraction.ClinNuclMed 1993;18:273-277.

20. TaylorA,GarciaE, JonesM,et al.Anoptimizedcamera-basedtechnique
to calculate Tc-99rn-MAG3clearance lAbstracti.I Nuc! Med 1992;
33(suppl):948.

21. TaylorA, HalkarRK,GarciaE, Ctal.A camera-basedmethodto calculate
Tc-99m-MAG3clearance[Abstractj.I Nuci Med 1991;32(suppl):953.

22. ArroyoAJ. Effectiverenalplasmaflowdeterminationusingtechnetium
99rn-MAG3:Comparisonoftwocamera techniqueswiththeTauxemethod.
INuciMed Technol1993;21:162-166.

23. AkaikeH. Aninformationcriterion(AIC).MathSci1976;14:5â€”9.
24. Sapirstein LA, Vidt DG, Mandel MK, et al. Volumes of distribution and

clearancesof intravenouslyinjected creatinine in the dog. Am I Physiol
1955;181:330â€”336.

25. ThakoreK, FolksR,TaylorA.TheeffectofdifferentROIsforbackground
correction on relative renal function in patients with unilateral nephrectomy
[Abstract].I Nuci Med 1993;34(suppl):87P.

26. TaylorA,LewisC,GiacornettiA,et al. Improvedformulasfortheestirna
tionof renaldepthin adults.J NuciMed 1993;34:1766â€”1769.

27. Taylor A. Formulas to estimate renal depth in adults [Letterj. I Nuci Med
1994;35:2054â€”2055.

28. DuboisD,DUbOISEF.Aformulatoestimatetheapproximatesurfacearea
ifheightandweightbe known.ArchInternMed1916;17:863â€”871.

29. TonnesenKH,Munck0, HaldT, et al. Influenceonthenadiorenogramof
variation in skin to kidney distance and the clinical importance hereof. In:



ZumWinkelK, BlaufoxMD, Funck-BretanoJL, eds. Pnxeedingsof the
International Symposium on Radionuclides in Nephmlogy. Stuttgart:
Thieme;1974:79â€”86.

30. flemingJS, KeastCM,WallerDG,AckeiyD.Measurementofglomerulan
filtrationwithTc-99rnDTPA:a comparisonofgammacameramethods.Eur
J NuciMed 1987;13:250-253.

31. CosgniffP, Brown H. Influence of kidney depth on the renognaphicestima
tionof relativerenalfunction[Letterl.I NuciMed 1990;31:1576â€”1577.

32. Comgan DM, Coilis SA. Estimation of glornerulanfiltration rate, without
blood sampling, during renography. Clin Phys Physiol Meas 1984;5:279â€”
284.

33. Fawdry RM, Gruenewald SM, Coffins LT, RObertsAJ. Comparative as
sessment of techniques for estimation of glomerular filtration rate with
@â€œTc-DTPA.EurlNuclMed 1985;11:7-12.

34. KimCK,GuptaNC,ChandramouliB,AlaviA.Standardizeduptakevalues
of FDG:bodysurfaceareacorrectionis preferableto bodyweightcorrela
tion. J Nuci Med 1994;35:164â€”167.

35. Mulligan iS, Blue PW, Hasbargen JA. Methods for measuring GFR with
technetium-99m-DTPA:an analysisof several commonmethods.I Nuci
Med 1990;31:1211â€”1219.

36. LeveyAS,MadaioMP,PerroneRD.Thekidney.In:BrennaBM,Rector

FC,eds.Labomto,yassesz@mentofrenaldisease:clearance,u,inaiysisand
renalbiopsy.Philadelphia:W.B. Saunders;1991:919â€”937.

37. RosenbaurnJL. Evaluation of clearance studies in chronic kidney disease.
I C/ironDir 1970;22:507-514.

38. RussellCD,DubovskyEV.GatesmethodforGFRmeasurement[Letterj.
I NuciMed 1986;27:1373â€”1374.

39. Chachati A, Meyers A, Godon JP, Rigo P. Rapid method for the measure
mentofdifferentialrenalfunction:validation.JNucIMed1987;28:829â€”836.

40. KlingensrnithWC,BniggsDE, SmithWI. Technetiurn-99rn-MAG3renal
studies: normal range and reproducibility of physiologic parameters as a
function of age and sex. I NuciMed 1994;35:1612â€”1617.

41. CosgniffPS, LawsonRS,NimmonCC.Towardsstandardizationingamma
cameranenography.NuciMed Commun1992;13:580-585.

42. Goates JJ, Morton KA, Wooten WW, et al. Comparison of methods for
calculating glomenulan filtration rate: technetium-99rn-DTPA scintigraphic
analysis, protein-free and whole-plasmaclearance of technetium-99rn
DTPA and iodine-125-iothalamate clearance.JNuclMed 1990;31:424-429.

43. GinjaurneM, Casey M, Barker F, Duffy G. Measurement of glornerulan
filtrationrate usingtechnetium-99rn-DTPA.JNuclMed1985;26:1347-1348.

44. FineEJ, AxeirodM,GorkinJ, SaleemiK, BlaufoxMD.Measurementof
effectiverenalplasmaflow:a comparisonofrnethods.JNuclMed 1987;28:
1393â€”1400.

1695Camera-Based MAG3 Clearance â€¢Ta@1orat at.




