
The commonly used renal radiopharmaceuticals,
Tc-99m DTPA and I- 13 1 hippurate, both have signifi
cant disadvantages. Tc-99m DTPA is cleared by gb

merular filtration, so its renal extraction efficiency is
limited to 20-25% (1). 1-131hippurate is cleared mainly
by tubular cell secretion with a relatively high renal ex
traction efficiency of about 65%â€”80%(1), but its io
dine-l31 label limits the spatial resolution in the re
sulting images.

An ideal renal radiopharmaceutical for routine use
would possess both a technetium-99m label and a high
extraction efficiency. Good extraction can only be
achieved with clearance by tubular secretion. The dis
covery that Tc-99m N,N'-bis(mercaptoacetyl)-ethy
lenediamine (Tc-99m DADS) is excreted by the tubular
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cells provided a significant lead in the development of an
improved renal radiopharmaceutical (2â€”4),but animal
and clinical evaluations of Tc-99m DADS indicate that
its biological properties are somewhat inferior to those
of 1-131 hippurate (5,6). Consequently, a series of an
abogsof Tc-99m DADS has been synthesized in an at
tempt to find a better agent (7). One of these, Tc-99m
N ,N'-bis(mercaptoacetyl)-2,3-diaminopropanoate,
Component A (TC-99m C02-DADS-A), has demon
strated superior biological properties in normal animals
(8). In this report we present the results of a clinical
comparison between Tc-99m CO2-DADS-A and I-i 31
hippurate in normal volunteers and patients.

METHODS AND MATERIALS

Radiopharmaceutical preparation. Tc-99m CO2-
DADS-A was prepared essentially as described earlier
(8). The following modifications were made in order to

obtain higher specific activity in the desired form and to
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A clinical comparisonof Tc-99m N,N'-bls(mercaptoacetyl)-2,3-diaminopropa
noate (ComponentA) (Tc-99m C02-DADS-A) and 1-131hippuratewas conducted
in a seriesof five normalvolunteersand 18 patients.Each subjectwas studiedin
onesessionwithTc-99m C02-DADS-Aand 1-131-hippurate;digitalandanalogim
ages were recordedfor 30 mm and after voiding.In the normalvolunteers,digital
imageswithTc-99m C02-DADS-Agave a kidney-to-backgroundratioat 3 mmthat
was greater relative to 1-131hippurate,a leading-edgeparenchymaltransittime
that was similarto 1-131hippurate,and a percent injecteddosein the urineat 30
mmthat was slightlylessthan1-131hippurate(p <0.05). In patients(serumcreati
nine 1.0 to 14.3 mg/dl), deceasingrenal functionimpairedexcretionof Tc-99m
C02-DADS-A more than that of 1-131hippurate(p <0.01). In analogImages,Tc
99m C02-DADS-Aalwaysgave superiorspatialresolution.Noevidenceof hepato
blliary excretion was detected with efther radiopharmaceutIcal. We conclude that
Tc-99m C02-DADS-A and similar compoundsshouldbe pursuedas possiblere
placementsfor 1-131hippurate.
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utilize a chromatography solvent system that provides
an injectable product. Approximately 100 mCi of per
technetate (Tc-99m) in generator eluate was made basic
by the addition of SN NaOH (four parts eluate to one
part NaOH). The radioactivity was extracted twice with
methyl ethyl ketone of analytical reagent grade and the
extracts were combined and evaporated to dryness in a
nitrogen stream with warming. The hydrolyzed ligand
was prepared from 0.5 mg of ethyl N,N'-bis(benzoyl
mercaptoacetyl)-2,3-diaminopropanoate; it was dis
solved in 0.3 ml ethanol, treated with 30 jib of ethyl
N,N' - bis(benzoylmercaptoacetyl) - 2,3 - diaminopropa
noate that was dissolved in 0.3 ml ethanol, treated with
30 sl of 5 N NaOH, diluted with 0.3 ml H2O, and finally
heated for 15 mm at 90Â°C.The hydrolyzed ligand so
lution (ca. 0.25 ml) was added to the pertechnetate res
idue. Freshly dissolved sodium dithionite ( 1 mg in 30 z1
H20) was addedand the mixturewas heatedat 95Â°Cfor
15 mm in order to optimize the product ratio. The mix
ture was neutralized with 20 sl of 6 N HC1, injected onto
an octadecybsilyl high-performance liquid chromatog
raphy (HPLC) column (250 X 4.6 mm), and eluted with
4% ethanol in 0.01 M sodium phosphate (pH 6). The
column effluent was collected in samples as Component
A (first) and Component B (second); the two compo
nents were sterilized by passage through a 0.22 jsm filter.

The yield of Component A was 40 to 50 mCi in 45 to 60
mm. The pH of Component A, as injected for imaging,
was 6.0.

Iodine-13l hippurate was obtained commercially. The
percentage of free iodine-i 31 was not determined, and
the agent was not further purified.

Subject selection. All subjects gave informed consent
and none was studied under this protocol more than once.
The normalvolunteerseach had a serumcreatininedone
on the day of the study. The patients were selected from
those with either native or transplant kidneys who were
referred for radionuclide renal studies. Serum creatinine
levels were obtained from all patients.

Imaging protocol. No attempt was made to regulate
the state of hydration of the normal volunteers or pa
tients. Following an intravenous injection of 15 mCi of
Tc-99m CO2-DADS-A, both analog and digital images
were acquired with the patient supine. The gamma
camera had a 15-in. (diam) detector. Anterior projection
was used for transplanted kidneys and posterior for na
tive kidneys. A high-resolution, low-energy collimator
was used, with a 20% symmetrical window. Rapid serial
3-sec analog images were acquired for 30 sec following
injection. Delayed analog images were acquired at I , 5,
10, 15, 20, and 30 mm. The 1-mm image was acquired
for 750 Kcounts, and subsequent images used the same
counting time. In addition, serial digital images were
acquired during the first 30 mm at 2 frames per second
for 30 sec, 4 frames/mm for 4 mm, and 1 frame/mm for
26 mm. At 30 mm a urine specimen was collected; then

five sequential 1-mm postvoid analog and digital images
were acquired. At approximately 35 mm, a single ante
nor analog image of the upper abdomen, including the
hepatobiliary system, was recorded.

Following the Tc-99m CO2-DADS-A study, the pa
tient was injected intravenously with 500 zCi of I-I 31
hippurate, and a second set of anterior analog and digital
images were acquired with a similar camera but a
high-energy collimator. Again the patient was supine,
and a 20%symmetrical window was used, bracketing the
364-keV gamma peak. Ten analog images of 3 mm each
were acquired over 30 mm. Serial digital images were
acquired at one for the first 30 see, then 1 frame/30 sec
frame/mm for 30 mm. At 30 mm a urine specimen was
voided and five postvoid analog and digital images were
obtained as before.

Data analysis. The analog images were used to com
pare anatomic spatial resolution and to assess the degree
of hepatobiliary excretion of Tc-99m CO2-DADS-A.
The digital images were used to quantitate the relative
kidney-to-background ratio, parenchymal transit time,
and urinary excretion of the Tc-99m CO2-DADS-A and
1-131 hippurate. The regions of interest were placed
visually by one of us (VMS) and their position was re
corded on film. In most cases identical regions of interest
were used for both the Tc-99m C02-DADS-A study and
the I- 131 hippurate study.

The kidney-to-background ratio was calculated from
the 2.5- to 3.5-mm digital data. When the subject had
two kidneys, two background regions of interest were
used and the results for the two kidneys averaged. Pa
renchymal transit time was visually estimated from the
leading-edge transit time (appearance time of radioac
tivity in calyces, pelvis, ureter, or bladder) in serial 1-mm
digital images of Tc-99m CO2-DADS-A and I- I31
hippurate. For this evaluation each pair of studies was
examined independently by two observers without
knowledge of the patient's identity; if the observers dis
agreed, their results were averaged. In subjects with two
kidneys, the leading-edge transit times were averaged
when there was no reason to suspect asymmetrical
function (e.g., in normal volunteers); the subject was
excluded when function was presumed asymmetrical
(e.g., in unilateral renal artery stenosis). Urinary cx
cretion was evaluated by quantitating the percent of
injected dose excreted in the urine by 30 mm after in
jection. This was done by comparing the radioactivity
in the voided specimen with a standard and correcting
for retained urine in the bladder using a bladder time
activity curve (5). The five postvoid images allowed
backward extrapolation of residual bladder radioactivity
to 30 mm (5).

The serum creatinmnevalues were used to determine
whether decreased renal function had a greater effect
on the uptake, transit, and excretion of Tc-99m C02-
DADS-A or I-131 hippurate.
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Iâ€”13 1â€”hippuran

3-6 mm 9- 12 mm
FIG. 1. SequentialTc-99m COP-DADS-Aand 1-131hippurate studies in normal volunteer show higher kidney-to-backgroundratio with
Tc-99mCO@-OADS-A,similarleading-edgetransittimes,andprobablyslowerparenchymalwashoutof Tc-99mCOP-DADS-A.Bladder
is outside field of view in Tc-99m CO@-DADS-A study. Spatial resolution in Tc-99m CO@-OADS-A images is clearly superior to that of
1-131hippurateimages.

Tc-99m C02-DADS (component B). Two additional on successive days. These studies were analyzed in the
normal volunteers were studied with both HPLC com- same way as the comparison studies between Tc-99m
ponents of Tc-99m C02-DADS (Components A and B) CO2-DADS-A and I- 131 hippurate.

Creatmnine= 14.3 mgldl
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FIG. 2. SequentialTc-99m COP-DADS-Aand 1-131hipptiate studiesin patientwith renal transplantin right iliac fossa,chronic rejection,
andserumcreatinineof 14.3mg/dI.Notesimilarkldney-to-back@'oundratios,noevidenceof renalexcretionthrough20 mm,andsimilar
degreesof parenchymalwashout.Generalspatialresolutionanddelineationof largevesselsissuperiorwithTc-99mCO@-DADS-A.
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RESULTS

Subject data. In the five normal volunteers the serum
creatinine levels ranged from 0.8 to 1.1 mg/dl (mean =
0.9) and were drawn on the day of the radionuclide
studies.

Of the 18 patients 15 had renal transplantsand three
had native kidneys. The diagnoses in the transplant pa
tients were: rejection in six, normal in four, infarcts with
good function in two, acute tubular necrosis in two, and
cycbosporin-A toxicity in one. The renal diagnoses in the
three patients without transplanted kidneys were: normal
in one, arteriovenous malformation in one, and renal
artery stenosis in one. The serum creatinine levels ranged

from 1.0 mg/dl to 14.3 mg/dl(mean = 3.7); the serum
creatinine specimen was drawn on the day of imaging in

17 patients and the day before in one.
Analog images. The Tc-99m CO2-DADS-A images

provided greater spatial resolution in all subjects; the
larger vascular structures were always seen (Fig. 1, 2).
Upper abdominal images were available in all five nor
mal volunteers and in 16 of 18 patients; no evidence of
hepatobiliary excretion was seen in any of these
subjects.

Digital images. Results were available for each pa
rameter in somewhat fewer than all 23 subjects because
of technical problems, e.g., computer malfunction, or
inability to obtain adequate urine collections due to
urinary diversion through an ileal loop. In the visual
evaluation of the leading-edge parenchymal transit time,
each kidney in patients with two kidneys was counted
separately. The two observers disagreed in 5 out of 40

(12.5%) determinations; the disagreements were never
by more than I mm.
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0 Normal volunteer

Â£= Nontransplant patient

A . = Transplant patient

. n = 20, r = â€”0.23, p>0.05

. y=â€”O.06x+1.57

O@O

0@ 3 4@ a@ a

SerumCreatmnmne(mg/dl)
FIG. 3. Quotientfor two kidney-to-backgroundratios(Tc-99mCOZ-DADS-A+ 1-131hippurate)is plottedagainstserumcreatinine.In
almost every subject kidney-to-backgroundratio is higher with Tc-99m CO@-OADS-A.With decreasingrenal function (increasing serum
creatinine), renal uptake of Tc-99m COT.DADS-Amay be affected slightly more than that of 1-131hippurate. However, both uptake-to
backgroundratiosshowwidevariabilityat all levelsof kidneyfunction.

In four normal volunteers the kidney-to-background
ratio for Tc-99m CO2-DADS-A was (150 Â±37)%
(mean Â±s.d.) of that for 1-131 hippurate; the range was
116% to 179%. The kidney-to-background ratio was
determined in a total of 20 subjects; it was higher for
Tc-99m C02-DADS-A in 16, higher for I-131 hippurate
in three, and equal in one (p <0.05). For all subjects, the
quotient for the two kidney-to-background ratios (Tc
99m CO2-DADS-A + 1-131 hippurate) failed to cor
relate well with the serum creatinine level: r â€”0.23,
p >0.05 (Fig. 3). The linear regression equation was y
= â€”0.06x + 1.57.

In three normal volunteers the leading-edge transit
time of Tc-99m CO2-DADS-A was (108 Â±18)% (mean
:Es.d.)re I-i 31hippurate;therangewas95%to 129%.
The leading-edge parenchymal transit time was deter
mined in a total of 17 subjects; it was longer for Tc-99m
CO2-DADS-A in ten, longer for I-i 31 hippurate in one
and equal in six (p <0.05). For all subjects the quotient
for the two leading-edge transit times (Tc-99m CO2-
DADS-A + I-131 hippurate) correlated poorly with
serum creatinine level: r = â€”0.03, p >0.05 (Fig. 4). The
linear regression equation was y = â€”0.Olx+ 1.24.

In five normal volunteers the percentage of injected
dose excreted in the urine at 30 miii following injection
for Tc-99m CO2-DADS-A was (8 1 Â±4)% re I- I31
hippurate (p <0.05); the range was 77% to 85%. The
percent of injected dose excreted into the urine in 3 hr

was determined in a total of 17 subjects; it was lower for
Tc-99m CO2-DADS-A in all 17 (p <0.05). For all
subjects the quotient for the two percentages of dose
excreted in the urine (Tc-99m CO2-DADS-A @-I- 131
hippurate) correlated inversely with serum creatinine
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FIG. 4. Quotient for two values of lead
ing-edge transit time (Tc-99m C02-
DADS-A + 1-131 hlppurate)is plotted
against serum creatinine. This time in pa

, tients is almost always longer with Tc-99m

4 5 COP-DADS-A.ImpaWmentof renal function
affects two transft times about equally.

postpeak decrease (washout) of parenchymal radioac
tivity: the I-b31 hippurate curve is â€˜â€”â€˜70%of Tc-99m
C02-DADS-A at their peaks, but only â€˜-â€˜@.-28%at 30
miii.

Tc-99m C02-DADS (component B). The creatunine
levels in these two normal volunteers were 0.8 and 0.9
mg/dl. No evidence of hepatobiliary excretion was seen
in either volunteer with either radiotracer component.
The kidney-to-background ratio for Tc-99m C02-
DADS-A was 160% of that for Tc-99m-CO2-DADS-B,
and the percent of injected dose excreted in the urine for
Tc-99m C02-DADS-A was 290% of that for Tc-99m
CO2-DADS-B. The absolute percent of injected dose
excreted in the urine in 30 mm for Tc-99m C02-
DADS-B was 18.5%.The percentdifferencebetweenthe
two components re leading-edge transit time could not
be determined because radioactivity did not pool in the

0 Normal volunteer

I = Nontransplant patient

S = Transplant patient

0@@

Serum Creatinine (mg/dI)

level: r = â€”0.83,p <0.01 (Fig. 5). The linear regression
equation was y = â€”0.07x + 0.80. The absolute percent

of injected dose excreted in the urine in 30 mm was (58
Â±4)% for Tc-99m C02-DADS-A and (73 Â±2)% for
1-131 hippurate (p <0.01).

Figure 6 shows time-activity curves from a renal re
gion of interest in a typical normal volunteer. A kidney
was selected that showed little pooling in the calyces, and
the region of interest was drawn to exclude excreted
radioactivity so that the curves would reflect the time
courses of the radiopharmaceuticals in the renal pa
renchyma. The Tc-99m CO2-DADS-A and 1-131 hip
purate curves were correlated for background and nor
malized for the dose injected. The Tc-99m C02-
DADS-A curveshows a higherpeak,although the times
of peak radioactivity are approximately the same.
However, Tc-99m CO2-DADS-A showed a slower

00
0
00

I

Serum Creatinmne(mg/dl)
FIG. 5. Percentof injectedTc-99mCOP-DADS-Aexcretedin30 mm,oversamefor 1-131hippirate,isplottedagainstserumcreatunune.
With normal kidneys, 30-mm fraction for Tc-99m COP-DADS-A is about 80% of that for 1-131 hippurate, and renal impairment affects
the formerto greaterextent(p <0.01).

n = 17, r@ â€”0.83,p<0.01
y = â€”O.07x+ 0.80

0 @i@@@@@ @,
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99,n DADS, in which decreasing renal function affected
all three parameters to a greater extent than with I-131
hippurate (6).

The higher kidney-to-background ratio of Tc-99m
CO2-DADS-A relative to I- 131 hippurate is of interest
since Tc-99m CO2-DADS-A was not superior to I- 131
hippurate in the other two biological parameters, namely
leading-edge transit time and percent dose excreted in
the urine. Since both radiopharmaceuticals were cleared
almost solely by the kidneys, the higher kidney-to
background ratio for Tc-99m C02-DADS-A may be
secondary to a higher extraction efficiency, a smaller
volume of distribution, or both. Since the volume of
distribution of Tc-99m CO2-DADS-A is significantly
smaller than that of I- 131 hippurate because of the
greater degree of protein binding of Tc-99m C02-
DADS-A (8), the extraction efficiency of Tc-99m
CO2-DADS-A may not be greater than the approxi
mately 65â€”80%that has been measured for 1-131 hip
purate (1).

Preparation of Tc-99m CO2-DADS-A requires
fractionation with a high-performance liquid chroma
tograph, since labeling of the C02-DADS ligand with
Tc-99m results in two epimeric compounds (9), only one
of which possesses the desired biological properties (8).
The additional expense and expertise needed for HPLC
will probably limit the clinical use of Tc-99m CO2-
DADS-A to larger hospitals or those served by central
ized nuclear pharmacies.

We tentatively conclude that Tc-99m CO2-DADS-A
is superior to I-I 31 hippurate for renal imaging because
of its technetium-99m label and its higher kidney-to
background ratio. However, because its biological
properties are in some ways inferior to those of I- I31
hippurate, and because fractionation by HPLC following
labeling is required, the search should continue for more
desirable Tc-99m-labeled replacements for I- 131 hip
purate.
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DISCUSSION

In normal volunteers Tc-99m CO2-DADS-A, relative
to I- 131 hippurate, demonstrates a 50% higher kidney
to-background ratio at 3 mm, an 8% longer leading-edge
transit time, and a 19% lower percent of injected dose
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Tc-99m DADS (6), gives images with high spatial res
olution, clearly demonstrating the kidneys and larger

vascular structures. These findings result from the
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is 93-94% protein bound compared with 56-64% for
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These findings are different from the results with Tc
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Announcement

The MideasternChapterof the SOcietyof NuclearMedicinewill hold its 14thAnnualMeeting,April 12â€”14,1984,at the Sheraton
Innand ConferenceCenter, in Fredericksburg,Virginia.The programwill includesubmittedpapers, invitedspeakers,teaching
sessions, and exhibits.

The program will be approvedfor credit towardthe AMA Physician'sRecognition @fuvardunder Continuing Medical Education
Category 1 through the Society of Nuclear Medicine.

For further information concerning the program, please write or telephone Dr. Keenan, Program Chairman, (301)496-5675.

48 THE JOURNAL OF NUCLEAR MEDICINE

MideasternChapter
Society of Nuclear Medicine

14th Annual Meeting
Sheraton Inn and Conference Center Fredericksburg, VirginiaApril 12-14,1984

New JNM Style Manual
Now Available

The fully revisedJournalof NuclearMedicineStyleManual is nowavaila
ble. It includessectionson the publicationprocess,typesof manuscripts
accepted, the manuscript format, style considerations, and a sample
transcript. Toobtain a copy,we ask only that you pay a $2.00 postage
and handling fee. Pleasesend your check with a forwardingaddress to
the National Office:

Society of Nuclear Medicine
Order Department

475 Park Avenue South
New York, NY 10016.

Make checks payable to: The Society of Nuclear Medicine

Style Manual
for Authors

THE JOURNAL OF
NUCLEAR MEDICINE




