
CONCLUSION
The investigated 99mTc@labeledendothelin derivative allows

screening ofatherosclerosis in animals. The accumulation of the
endothelin derivative in induced atherosclerotic lesions corre
lates with the neointimal amount of smooth muscle cells.
Therefore, the endothelin derivative may be useful in gaining
information on the cellular composition or the proliferative
status of atherosclerotic lesions.
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precision range of blood sample based methods. This modified
method requires little additional work and no extra cost in patients
undergoing DAS. AGFA calculation may be advantageous in cases
when 24-hr urine collection for CCT cannot be Obtained, and it
should improve the accuracy of the captopril test.
Key Words: glomerular filtration rate; kidney radionuclide imaging;
technetium-99m-diethylenetriamine pentaacetic acid

J NucIMed199839'.1822â€”1825

Bytherequestofanuclearmedicinehardwaremanufacturer
(Elscint, Haifa, Israel) validation of a computer program calcu
lating glomerular filtration rate (GFR) based on the Gates'
method (1â€”3)was undertaken. The precision of the original
method was significantly improved by replacing the Tonnesen
formula by direct measurement ofthe kidney depth from lateral
views, thus improving the accuracy of tissue attenuation cor
rection of the renal uptake.

MATERIALS AND METhODS
Fifty patients were included in the study group (20 women, 30

men; age range 7â€”84 yr. including 3 children; mean age 44 yr).

This study was performed to validate a computer implementation of
the Gates' method for radionuclide glomerular filtration rate (AGFA)
calculation. The accuracy of the original method was improved by
replacing the Tonnesen formula that estimated renal depth with
direct measurement from lateral views to calculate tissue attenua
tion correction. Methods Both the creatinine clearance test (CCI)
and dynamic @â€œTc-diethy1enetriaminepentaacetic acid (DTPA)
renal scintigraphy (DRS)were performed on 38 patients on the same
day. RGFR was quantified from the attenuation corrected absolute
DTPA uptake of the kidneys on DRS from 120-180 sec after
injection. Attenuation correction was estimated using the lateral
views of the kidneys taking in account the distance from the
computed geometric center of the kidneys to the posterior body
surface along a line vertical to the collimator surface. CCT and
glomerular fittration rate estimates from DAS were compared by
linear regression. Results: RGFR estimates agreed well with CCT,
yielding a correlation coefficient of 0.92 in 38 patients and 0.90 in a
subgroup of 11 patients suffering from chronic renal failure. Con
clusion: Present modifications improve AGFA accuracy to the
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Group PatientCCTGFRpNormals

14 78.1 Â±5.2
CRF 11 32.1 Â±4.0
All 38 66.2 Â±4.675.7

Â±5.1
31.3 Â±4.5
68.6 Â±5.50.87

0.90
0.92*p

= correlationcoefficientCCI vs. GFR.
Data presented as mean Â±s.e.e.

Clinical renal diagnosis included mainly normals (n = 14), chronic
renal failure (n = 11) and others (n = 13) including one patient
with one kidney and another one with a transplanted kidney.

Dynamic renal scintigraphy was performed on each patient in a
way similar to our standard examinations as detailed later.

Patients were encouraged to drink about 800 cc of fluids 1 hr
before the examination. Examinations were performed on a digital
gamma camera (Apex SP-4; Elscint, Haifa, Israel) mounted with a
low-energy, high-resolution collimator (Elscint APC-4S). A sy
tinge containing 185 MBq (5 mCi) 99mTc@diethylenetriamine
pentaacetic acid (DTPA) was placed on a 30-cm thick styrofoam
holder on the surface of the examination table with the camera
under the table. An image of the syringe was acquired for 1 mm in
word mode to avoid pixel overflow.

Each patient was positioned over the camera in a supine position.
The counted DTPA dose was injected to an antecubital vein, and a
dynamic scan was started in a 128 X 128 frame matrix for the next
20 mm divided into three consecutive time intervals. The first
interval was of 60 sec duration at a rate of 2 sec per frame, the
second for 6 mm at 6 sec per frame and the third for the remaining
13 mm at 30 sec per frame.

Immediately thereafter, with the patient immobilized, the camera
was tilted to the left and right sides of the table, and posterior and
two lateral orthogonal renal static images for about 400 kilocounts
each were obtained.

The injection site view was also obtained to exclude subcutane
ous infiltration ofthe dose. Finally, the empty syringe was scanned
again using the preinjection syringe acquisition parameters. When
injection through a butterfly needle was performed, the whole
syringe, tubing and needle assembly were counted in the camera
field of view for residual activity.

Before the radionuclide study, a blood sample was drawn from
each patient for serum creatinine after a 24-hr urine collection for
a creatinine clearance test (CCT).

GFR was calculated individually for each kidney according to
the Gates' method from the background and attenuation-corrected
DTPA uptake from 120â€”180sec after tracer arrival to the kidneys.
Background was estimated using a semilunar region of interest
(ROI) around the lower pole ofthe kidneys. Tissue attenuation was
calculated using the renal depth measured directly from the
orthogonal lateral views. The precision ofmeasurement was further
optimized by drawing an ROl around the lateral view ofthe kidney,
then finding the geometric center of this ROI with the aid of the
computer and, finally, measuring the distance from this point to the
posterior body surface along a line perpendicular to the table top
(Fig. 1). Obviously in the case of the renal transplant patient, the
distance of the transplant from the anterior body surface was
measured because the dynamic imaging was performed from the
anterior view.

The Tonnesen regression formula used in the original Gates'
method (2) was excluded because of the calculated high errors in
the renal depth estimations as compared with our direct measure
ments.

Acquisition protocols and postacquisition processing including
calculations of GFR were performed on the gamma camera
computer by a program written in Elscint's CLIP language. The
GFR values obtained from the dynamic renal scans were compared
to the biochemical CCT values by simple linear regression. The
coefficient of correlation (Pearson's r value) and the s.e.e. for both
CCT and GFR were used for evaluation of the validity of our
method. The interobserver variation was tested by a paired Stu
dent's t-test (4).

B
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FIGURE 1. A region of interest (AOl) was drawn marking each kidney
contour. Renaldepth can be accuratelyestimated fromthe lateralview.(A)
Right kidney, (B) left kidney. Arrow inside this AOl was positioned by
computer on its geometriccenter. Then, the computer drew a linepassing
point of arrow, perpendicularto surface of the table top (horizontalin this
picture).Second arrowwas positionedbyoperatoron intersectionofthis line
and posterior body contour. Computer limitsmovement of second arrow
along this line.

RESULTS
Fifty patients were included initially in our study. In 38 of the

50 patients included in the study, both CCT and GFR were fully
obtained. The rest ofthe studies were rejected due to incomplete
CCTandequivocalGFR(infiltrationat injectionsite).All CCT
and GFR studies were evaluated and calculated results were
summarized in Table 1.

As shown in Table 1, linear regression between CCT and
GFR yielded a correlationcoefficientof 0.92 with the regres
sion equation:

CCT = 0.77 x GFR + 13.4 Eq. 1

Scatterplot and regression line are seen on Figure 2. To
analyze the validity ofthe Tonnesen's formula, it was compared
with directly measured right and left renal depth by our method
obtaining relatively low correlation coefficient r equal to 0.75
and 0.78 for the left and right kidneys, respectively, as shown in
Figure 3.

In 14 patients considered to have a normal urinary system,
GFRs were calculated also using both the original Gates'
method and our modified procedure to compare the accuracy of
the two techniques. The CCT and the GFR values obtained by
both methods are presented in Table 2.

When using direct measurement of renal depth and including
it, the calculated Pearson's r correlation coefficient was 0.87.
When the same studies were recalculated using only estimated
renal depth, this value decreased to 0.5 1. This is readily
explained by the weaker correlation between the estimated and
the directly measured renal depth.

An additional subgroup of 11 patients suffering from chronic
renal failure was also selected to check the validity of the

TABLE I
Summarized Crealinine Clearance Test (CC1) and

Glomerular Fittration Aate (GFR)

A
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Patient
no.CreatinineclearanceGFR

with
measured renal

depthGFR

by Gates'
estimated renal

depth172775626057463986443451524058694566959910578586608686455958564810111105461164655112616235131081088614767152

TABLE 2
Glomerular Filtration Aate (GFR)Obtained with Measured Depth

Correction as Compared to the Original Gates' Method
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ence was demonstrated between the two GFR estimates with a
repeatability coefficient of 0.06.

DISCUSSION
The original task of this work was the validation of a

computer program written for the Gates' method for GFR
calculation. In reviewing the relevant literature, it became clear
that although the method was simple and promising it had not
received widespread acceptance, and its accuracy was criticized
frequently (5â€”7).

Our first few GFR estimates using the original protocol
yielded inaccurate results when compared to CCT. Meticulous
and critical review of the whole procedure including radiophar
maceutical preparation, injection, dynamic scanning and com
puter processing of the data revealed most of the errors were
introduced by the tissue attenuation correction using the Ton
nesenformulabasedestimatesofthe renaldepth.In the patients
with malpositioned kidney or with renal transplant, the formula
based estimate of the renal depth was evidently invalid.

RGURE 3. Scatterplots and regression
lines of the Tonnesen formula calcu
lated renaldepths and computer-aided
measured values. (A)Rightkidney,(B)
leftkidney.
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FiGURE2. Scatterplotand regression lineof radionuclkieglomerularfiftra
tion rate and creatinineclearance test.

improved method under the CRF condition. The linear correlation
coefficient in this subgroup between CCT and GFR was 0.90.

To further evaluate the current method's repeatability, the
GFR measurements were performed in a subgroup of 19
patients by two independent operators. No significant differ

A RT. Kidney Depth B LT. Kidney Depth
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To overcome this problem, several approaches were consid
ered. The use of another formula for renal depth published by
Taylor et al. (8) reported to be more precise, but still would not
be accurate for a malpositioned kidney or for a renal transplant.
In theory, we could refer our patients for ultrasound or CT to
measure their renal depth individually, but this idea was
rejected because of the additional testing with another imaging
modality. Individually measured renal depth was reported to
improve the GFR measurements compared with CCT (9â€”10).
Due to these reasons, the method ofmeasuring renal depth from
lateral scintigrams was adopted. The suggested procedure is
confined entirely within the nuclear medicine department with
out the involvement of other modalities, and inaccuracies
introduced by formula-based estimates can be avoided.

Accurately measuring the renal depth on the lateral view still
posed some challenges. Initially, the center of kidney was
detected through visual inspection, and the shortest distance
between this point and the posterior body surface was mea
sured. However, it was difficult to pinpoint the center of the
kidneys due to the poor visualization of kidneys on the lateral
views obtained 20 mm after 99mTc@DTPAinjection. To improve
the localization of the center of the kidney, the method of
drawing an ROl around the kidney contour on the lateral view
was adopted. With some enhancement of the contrast on the
computer screen, this could be consistently accomplished.

The direction of the kidney-to-skin line drawn by visual
inspection did not necessarily coincide with the direction of the
gamma rays forming the posterior view. The computer-gener
ated line is a closer approximation of the distance the gamma
rays traveled in the body toward the camera than the shortest
line from the center of the kidney to the body surface.

Although beyond the scope of this study, it's important to
mention that including the attenuation correction in calculating
the split renal function may pose a potential problem. Attenu
ation correction influences the split renal function, especially in
patients with renal malposition. It is obvious that the attenua
tion-corrected values of the split renal function are more
accurate. However, most dynamic renal scintigrams are pro
cessed without attenuation correction. Therefore, when report
ing renal scintigrams processed with the present modified
method, it is strongly suggested to report both attenuation
corrected and uncorrected values of split renal function to avoid
confusion when comparing results with previous ones obtained
without attenuation correction (11).

CONCLUSION
Since its initial publication in 1982, the Gates' method for

calculating GFR has been praised because of its simplicity and
criticized due to its varying accuracy.

The modifications described in this study improve the accu
racy of the Gates' method to a precision comparable with the
radionuclide methods using blood samples (12). These modifi
cations can also handle GFR calculations in patients with renal
ectopia or transplants. This method is easy to perform without
any inconvenience to the patient and with no extra cost.

GFR measurement by dynamic renal scintigraphy, albeit
more expensive than CCT, requires the availability of a nuclear
medicine service, needs no 24-hr urine collection and it yields
results in the same day. This is advantageous when dealing with
outpatients visiting from remote places or in patients for whom
24-hr urine collection is unreliable. Implementing the RGFR
direct calculation improves the general diagnostic accuracy of
dynamic renal scintigraphy (DRS), particularly the captopril
challenged DRS (13â€”15),in kidneys in the anomalous position,
and it should be used routinely in renal scans due to its
simplicity and its obvious high accuracy in GFR assessment.
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