
reactions on free-fragment E1 based on reaction with pri
mary amino groups have also been shown to deactivate
the protein to thrombus binding (3). Therefore, (DD)E (in
which fragment E1's active site is protected) was reacted
with a modification reagent for linking reduced Tc, and
the complex was then dissociated to yield modified Frag
ment E,.

METhODS

Preparation of Fibrin Fragments
Human cross-linkedfibrin was prepared as previously de

scribed (4). Human (DD)E complex was prepared by suspending
one gram of freeze-dried cross-linked fibrin in 20 ml of Tris-HC1
buffer, pH 7.4, and digestingit with one unit of plasmin (Kabi
Diagnostika, Stockholm). The (DD)E complex was purified from
other products by Sepharose CL-6B column chromatography(1).
Fragment DD for binding assays was prepared by digesting cross

linked fibrin with ten units ofplasmin per gram of fibrin, so that
in 24 hr the productsconsistedoffragment DD and fragmentE3
(4). Fragment DD was further purified by column chromatogra
phy on Sepharose CL-6B. Human fragment E1was purified from
(DD)E complex by adding glacial acetic acid dropwise to a
solutionof(DD)E complexwith gentlestirringuntil the concen
tration of acetic acid had reached 0.55 M. Fifteen minutes later,
the pH was adjusted to 5.5 by the addition of NaOH. The
precipitate was removed by centrifugation, and the supernatant
(containingfragmentE@)wasconcentratedby ultrafiltration.

Modification of Fragments with SHNH
The (DD)E complex was dialyZedinto 12.5 mM sodium

tetraborate buffer, pH 8.5, and then was reacted with a 60-fold
excess ofSHNH (succinimidyl 4-hydrazino nicotinate hydrochlo
ride [2,5-pyrrolidinedione,l-[(6-hydrazine-3-pyridinyl)carbo
nyloxy] monohydrochloride],prepared as previouslydescribed
(5) in additionaltetraboratebuffer,pH 8.5.Thereactionmixture
wasstirredfor 3 hr at 4Â°C.The modified(DD)Ewasthen treated
with acetic acid (final concentration 0.55 M) followed by partial
neutralization to pH 5.5 with NaOH (as described above) to yield
modified fragment E1.The number ofhydrazino nicotinate (HN)
groups bound to each fragment was determined by a colorimetric
assay using p-nitrobenzaldehyde as described by King et al (6).

FragmentE1labeledwith@ has beenpreviouslyshownto
permit imaging of thrombi in patients within as little as 20 mm
after injection. Because of the relatively rapid localization and
blood disappearance of this protein, @Tcwould be the most
dinically acceptable radionudide for labeling Fragment E1. In
this study, human fragment E1was derivatized with a hydra
zmnonicotinate function to permft radiolabehngwith reduced
technetium. The modification reaction was carried out while
the fragment E1 was protected in a complex, so that the
modification occurred in nonfunctional regions of the fragment
E1molecule. After radiolabeling with @rc,the modified frag
ment E1retained its functional activity, asjudged by its binding
to fragmentDD in vitro. The abilityof @Tc-fragmentE1 to
produce images of venous thrombi was demonstrated in
animal models. Images were focally positive within 20 mm to
1 hrafterinjection.Thrombus-to-bloodratiosexceededthose
from 125lflbop@@@@in the same animals. This method of
labeling appears to provide an alternative radiolabel to 1@I
without compromising the function of fragment E1.

J NucIMed 1992;33:710â€”715

ragment E1is a plasmic degradation product of human
cross-linked fibrin which binds specifically to polymers of
fibrin (1). Iodine-123 labeled fragment E1 has previously
been shown to permit imaging of thrombi in patients
within as little as 20 mm after injection (2), and its uptake
by thrombi was not affected by heparin. A @mTclabel
would be desirable for fragment E,, but conventional @mTc
labeling methods which involve reduction of disulfides
have resulted in loss of biologic activity, presumably be
cause the functional activity of fragment E, requires the
unique structure provided by multiple polypeptide chains
which are held together by disulfide linkages. Modification
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promazine maleate. For surgery, sodium pentobarbital (10 mg/
kg) was administered intravenously. Additional doses of these
drugs were administered as needed to maintain anesthesia. The
surgical procedure described by Collen was used, except that a
silk thread was used to anchor the clot, and the vein was not
cannulated nor was the blood removed from the vein. Ten units
ofbovine thrombin (Parke-Davis)in 0.1 ml ofsaline were injected
into the blood in the isolated segment ofvein using a 27-g needle.
After 30 mm, the clamps were removed from the vein and the
incision was sewn closed. Within 30 mm after closing the wound,
1-3 mCi@mTc@fragmentE1was administered through a butterfly
infusion set placed in a marginal ear vein on the contralateral
side. As a positive control in each animal, 25â€”50@iCiâ€˜251-fibrin
ogen were also injected in the same site. Isotonic saline was used
to flush the butterfly after injecting each tracer.

Thrombi were induced in five mongrel dogs (1 1â€”17kg) by
transcatheter placement of embolization coils in their femoral
veins, as previously described (11). Multiple coils were placed in
some animals. A radiograph without contrast was obtained to
document the location of each coil after placement. The thrombi
were allowed to age on the coils for 24 hr before administration
ofthe radiotracers. Then 3â€”6mCi @mTc@fragmentE1and 40â€”70
@@Ciâ€˜251-fibrinogenwere injected into a forelegvein and were

flushed in with isotonic saline.
Before injection, each animal was positioned for an anterior

view of the chest, using a large field of view gamma camera
(General Electric, Milwaukee, WI). The camera was fitted with a
low-energy all-purpose collimator and was set to acquire the 140
keY photopeak of 99mTcwith a 20% window. A Macintosh lix
computer was interfaced to the camera using a NucLear Mac Al
D board and software(ScientificImaging,Denver,CO).Initially,
the computer was set to acquire a dynamic series of 10-secframes
for a total of 10 mm in a 128 x 128 byte mode matrix. The
acquisition was begunjust before injection ofthe radiotracers. At
hourly intervals, additional 10-sec static anterior views of the
chest were acquired. These static images, in addition to the
dynamic series, were used to estimate the rate of blood disap
pearance. In each frame, a region of interest was drawn around
the heart. The counts in the region of the heart were decay
corrected and expressed as a percentage of the maximum counts
in the heart region. A curve of the form y = a*e_M+ c*e@@
f*e@glwas fit to the data using a nonlinear curve-fitting program
(LabView 2, National Instruments, Austin, TX).

Immediately after completion of the initial dynamic acquisi
tion, and at approximately hourly intervals thereafter, the rabbits
were repositioned to obtain anterior views of the head and neck,
and the dogs were repositioned to obtain anterior view of both
hind legs. Static images were acquired in a 256 x 256 byte mode
matrix and 500,000 counts were accumulated in each image.

As a negative control, @mTc@glucoheptonatewas administered
in place of the 99mTc..fr@@efltE1 in three additional rabbits and
two additional dogs with induced thrombi. The rest ofthe exper
iment was carried out in the same way.

At 4 hr postinjection of the radiotracers, a blood sample was
drawn and animals were euthanized with a bolus intravenous

injection ofT-6l euthanasia solution (American Hoechst, Animal
Health Division, Somerville, NJ). The vein segment containing
the thrombus was removed and the thrombus was separated from
vesselwalland coils(dogs) or threads(rabbits). Samples of control
vessel (uninjured vein from a comparable site on the contralateral
side) and skeletal muscle were also taken. All samples were

Radiolabeling
Technetium-99m-glucoheptonate was prepared using a corn

mercial kit (DuPont, N. Billerica, MA). Equal volumes of@mTc@
glucoheptonate (typically prepared at a concentration of 80 mCi/
ml) and HN-fragrnent E1 (approximately 4-5 mg/mi in pH 5.5
acetate) were combined and incubated for 1 hr at 37Â°C.The
radiochemical purity was assessed by spotting a small aliquot (2

@l)on a strip of instant thin-layer chromatography ITLC-SG
media (Gelman, Ann Arbor, MI), and developing it in 0.9%
NaC1. The remainder of the labeling mixture was used without
further purification. Iodine-125-flbrinogen was prepared by ra
diolabeling human fibrinogen (Kabi Diagnostika, Stockholm)
with Na'251 (ICN, Irvine, CA) using the iodine monochioride
method (7). Iodine-l 25-fragment E1 was prepared by labeling
purified fragment E3 with Na'25! (ICN, Irvine, CA) using the
iodogen method as previously described (8).

Stability Testing of the Radiolabel
This study was done to determine whether the technetium

bound to the NH-fragment E1 was labile. Technetium-99m-
fragment E1(2 mg/mi; 33 @mol)was mixed with an equal volume
ofbuffer(0.05 MTris, 0.1 MNaC1, pH 7.4)containinga chelating
agent (DTPA, L-cysteine, or sodium diethyldithiocarbamate) at
a concentration of 20 mM. This represented a 600-fold molar
excess of challenge chelator. The mixtures were incubated at
37Â°C.At 2 hr and 24 hr after mixing, aliquots of the mixtures
were analyzed to determine radiochemical purity as described
above.

Test for Retentionof FibrinBindingActivityIn Vitro
The binding sites for fragment E1 are found in the paired D

domains of fibrin, and the soluble fragment DD contains these
binding sites. This assay for binding activity is based on the theory
that Fragment E3should have a different mobility on gel electro
phor@sisthan would fragment E1 which has bound to fragment
I@D, because the (DD)E complex which results would have a
higher molecularweight.Tris-glycinepolyacrylamidedisc gels,
9% crosslinked, were prepared according to the method of Davis
(9). Technetium-99m-labeled fragment E1 was loaded onto the
gels, either alone or pre-mixed with a tenfold excess of nonlabeled
fragment DD. Iodine-l25-fragment E1was used as a standard for
comparison, and was also loaded onto gels, either alone or
premixed with nonlabeled fragment DD. After electrophoresis,
the gels were sliced into ten equal segments which were counted
in a well counter. Functionally active radiolabeled fragment E1

was expectedto appear in slices3â€”8on gelswhere fragmentE1
was loaded alone, and would be expected to shift to slices 1â€”2
(top of the gel) upon binding to fragment DD and forming the
larger (DD)E complex. The patterns of counts in the gels were
analyzed as previously described (3) to yield an estimate of the
percent of radiolabeled fragment E1 which was able to bind to
fragment DD.

Thrombus Imaging Studies In Vivo
The ability of the 99mTcfr@ment E1 to image thrombi was

assessed in animal models. These studies were reviewed and
approved by the Institutional Animal Care and Use Committee
before the work was begun.

A model of fresh thrombi was created in nine rabbits by a
method similar to that ofCollen (10). New Zealand white rabbits
weighing 1.8-3.2 kg were preanesthetized by intramuscular injec
tion of 40 mg/kg ketamine hydrochloride and 0.4 mg/kg ace

Technetium-99m-FragmentE1for Thrombus Imagingâ€¢Knightet al 711



RadiOchemiCalpurity(%)of
@Tc-fragmentE1after

incubationat 37Â°Cinbuffertcontaining:DDC*Control

CysteineDTPA2

hr 96.6 94.696.597.324
hr 94.0 92.996.498.3Control

= no chelating agentadded.*
DDC =diethyldithiocarbamate.t

0.05 M Tns-HCI, 0.1 M NaCI, pH 7.4.

80
â€”.â€¢.â€” TC-E

...-.â€¢@.. TC-E.DD

60

o1@6@8 : @o

TABLE I
Stability in vitro

tium to any of the chelators, nor was there appreciable
breakdown to free pertechnetate, as the radiochemical
purity remained in excess of 92% in all samples after 24
hr incubation.

Retentionof FunctionalActivity
Figure 1 shows the distribution of radioactivity on a

polyacrylamide gel following electrophoresis of@mTc frag
ment E1 which was prepared by reacting SHNH with the
(DD)E complex. Eighty-three percent of the 99mTcfrag
ment E1was able to bind to fragment DD (its fibrin binding
site) compared with 8 1% of conventionally prepared 125!..
fragment E3. IfSHNH was reacted with purified fragment
E1 instead of with the (DD)E complex, only 23% of the
resulting 99mTc labeled fragment E1 was able to bind to
fragment DD (data not shown).

Imagingof Thrombiin AnimalModels
Images of fresh thrombi in rabbit jugular veins were

focally positive within 20 mm and improved further over
4 hr (Fig. 2). Images of 1-day-old thrombi in the femoral
veins of dogs were also focally positive in early images
(Fig. 3). Blood clearance was fairly rapid, with approxi
mately 20% ofthe injected dose remaining in the blood at
30 mm (Fig. 4). The blood disappearance kinetics visually
approximated three components, and the nonlinear fitting
program found the following parameters for the compo
nents: 50.7% cleared with a half-time of 0.25 mm, 40%
cleared with a half-time of 13. 1 mm and a 9.3% cleared
with a half-time of 11.6 hr.

The results of ex vivo counting of the thrombus and
other specimens are shown in Tables 2 and 3. Fibrinogen
had a higher percent injected dose per gram of thrombus
than fragment E1; however, fragment E1 thrombus-to
blood ratios were higher than fibrinogen in both rabbits
and dogs. Fragment E1 thrombus-to-muscle ratios were
also higher than fibrinogen in dogs. Uptake of fragment
E1 per gram of thrombus was about ten times the uptake
of glucoheptonate in rabbits, and about 36 times the
uptake in dogs.

weighed and counted for 99mTccontent in a Nal(Tl) well counter
(Searle, Des Plaines, IL). A saved aliquot ofthe injected dose was
diluted and a portion was counted with the tissue specimens in
order to relate the counts in each specimento the injecteddose.
Samples were saved and re-counted 1 wk later (after @mTchad
decayed) to determine 1251content ofthe samples.

Thrombus uptake indices, such as the percent injected dose
per gram of thrombus, thrombus-to-blood ratio and thrombus
to-muscle ratio, were calculated from the count data. These
quantities were compared for the different tracers using one-way
analysis of variance (ANOVA).

RESULTS

Modification and Radiolabeling
After modification and dissociation of the (DD)E com

plex, approximately 0.7 HN groups were found to be
attached to each fragment E1 molecule. This material
migrated as a single band on polyacrylamide gel electro
phoresis. Radiolabeling by adding an equal volume of
99mTc-GHA consistently resulted in greater than 90% in
corporation of@mTcby fragmentE1within 1 hr.

Stability of Radiolabel
Table 1 shows the radiochemical purity of samples of

99mTc fragment E1 after incubation with an excess of
chelating agents. There was no appreciable loss of techne

A B

FIGUREI. Polyacrylamide
gel electrophoresis of radiola
baled fragment E1 alone (solid
lines)or premixedwitha ten-fold
excess of fragment DD (dashed
lines). Each gel was sliced into
ten segments. The counts in
each slice were expressedas a
percentage of the total counts
on the gel. (A) Technetium-99m-
fragmentE1and(B)125l-fragment
E1. In both cases, radiolabeled
fragmentE1was able to bind to
fragment DD almost quantita
tively,asevidencedbythepeak
shift to lower slicenumbers.
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FIGURE4. Blooddisappearanceof @â€˜Tcactivityfollowing
injectionof @â€œTc-fragmentE1in a dog.

for preservation ofactivity (3). Both SHNH and the cyclic
anhydride of DTPA react with primary amino groups,
which are found not only in mid-chain lysines, but also
on the amino termini of all six polypeptide chains of
fragment E1(14). The amino termini ofat least two of the
chains are believed to be critical for binding activity (14).
Fortunately, this region ofthe molecule is protected in the
(DD)E complex and Fragment E1 can be easily separated
from the (DD)E complex after attaching the linker groups.

In addition to offering site-specific radiolabeling with
99mTc,this radiolabeling method avoids reduction of tech
netium in the presence ofthe protein. In a protein such as
fragment E1, whose structure depends on multiple disulfide
bridges, it is important to avoid reduction steps that would
cleave disulfides and thus alter the structure and possibly
the binding affinity of the protein. For the above reasons,
other techniques that have been developed for radiolabel
ing proteins with 99mTc,such as reduction and direct
labeling of intrinsic disulfides (15) or attachment of pre
formed 99mTccomplexes to protein amine groups (16),
would not be suitable for labeling fragment E1.

The hydrazino nicotinate linker provides a stable
method for attaching technetium to the protein. In this
report, we demonstrated that challenge chelators did not
remove 99mTcfrom labeled fragment E1. This linker has
previously been shown to provide a stable technetium
label for polyclonal IgG (5).

Most studies of thrombus-imaging radiopharmaceuti
cals, including our previous work with fragment E1 (3,8)
employed in vitro clot-binding assays to evaluate the po
tential for binding to thrombi in vivo. In vitro clot-binding
assays, however, were not done as a part of this report.
Instead, retention of binding affinity was assessed by the
ability ofradiolabeled fragment E1to form a complex with
fragment DD, its complementary binding site in fibnn.
This technique was felt to be more specific than a test of
binding to clots in vitro, as it avoids problems of nonspe
cific entrapment and variability among blood samples. In
our past work, in vitro assays using pre-formed clots have

FIGURE2. Gammacameraimagesofarabbitwithathrombus
inducedin a jugular vein (arrow)at varioustimes following injec
tion of @â€˜Tc-fragmentE1.

DISCUSSION

A radionuclide test for imaging of pre-existing venous
thrombosis should be capable of producing images of
diagnostic quality within a few hours after injection. This
necessitatesadequate binding to the thrombus, coupled
with rapid clearance of unbound radiotracer from the
blood and soft-tissue background. It has previously been
shown that proteins of medium size such as fragments of
monoclonal antibodies to fibrin and fragment E1have the
required affinity for thrombi as well as moderately rapid
clearance from the blood (8, 11â€”13).For these proteins,
99mTcis the radiolabel of choice for clinical acceptability.

These studies demonstrated that fragment E, can be
labeled with 99mTc without significant loss of functional
activity, provided the labeling is site-directed to a region
of the molecule which is not critical for binding. These
results are in agreement with previous work which showed
that protection of the active region of fragment E1 during
reaction with the cyclic anhydride of DTPA was essential

FIGURE3. Gammacameraimagesofa dogwitha thrombus
Induced in a femoral vein (arrow) at various times following
injectionof @â€œTc-fragmentE1.

4hr2hr
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Tracer%ID/gThrombus:BloodThrombus:Muscle@â€˜Tc-fragment

E10.301 Â±0.0877.9 Â±2.O@218 Â±69125I-fibrinogen2.42
Â±0.8023.1 Â±0.6234 Â±55@â€œTc-glucoheptonate0.019
Â±0.0082.1 Â±0.632 Â±16.

Mean Â±se.t

Significantat 95% levelvs. fibrinogenandglucoheptonate.

Tracer%ID/gThrombus:BloodThrombus:Muscle99mTc-fragment

E10.256 Â±0.11515.7 Â±8.0904 Â±576@l-fibrinogen0.379
Â±0.1204.8 Â±1.488 Â±19@â€œ1c-glucoheptonate0.007
Â±0.0042.6 Â±1.18 Â±6*

Mean Â± s.e.

TABLE 2
Uptake of Radiotracers by Thrombi in Rabbits at 4 Hours Postinjection

served only as preliminary indicators of the potential for
thrombus uptake in vivo, because many additional factors
can affect the ability of a radiotracer to image thrombi in
vivo. Thus, the assessment of the ability of @â€˜Tc-HN
fragment E1 to bind to a fibrin surface was done in vivo
rather than with pre-formed clots in vitro.

The blood disappearance curves obtained with @mTc@
HN-fragment E1 were almost superimposable on blood
disappearance curves obtained previously with radioiodi
nated fragment E1 (2). ThiS indicates that modification
with the hydrazino nicotinate linker and subsequent radi
olabeling did not significantly alter the fragment E1. Blood
clearance curves have been shown to be sensitive indicators
of subtle alteration of protein structure (17).

Technetium-99m-HN-fragment E1 retained its ability to
bind to thrombi in vivo and to permit rapid imaging of
the thrombi over the background. Fragment E1thrombus
to-muscle ratios in dogs and thrombus-to-blood ratios in
both species were more than adequate for a clearly positive
image at 4 hr and were better than fibrinogen, on average.
This is in general agreement with previous animal studies
with radioiodinated fragment E, (8). Thrombus-to-blood
ratios for fragment E1 in this study at 4 hr postinjection
were not as high as those found in the pig model, perhaps
owing to the different thrombogenic characteristics of that
model and the later sampling time in the pig study (24 hr
postinjection).

In these studies, we used labeled fibrinogen as a positive
control compound, because its thrombus imaging charac
teristics are well documented. It has been shown that 1231
fibrinogen is taken up avidly in actively forming thrombi
and can permit imaging ofsuch thrombi within 6 hr (18).
For a thrombus-imaging radiotracer to be useful, it must
produce thrombus-to-background ratios at least as high as
iodinated fibrinogen produces. The high thrombus-to

blood ratios for fibrinogen in the models employed in this
study indicate that the thrombi in this study should be
considered fresh. The uptake offibrinogen has been shown
to decrease with thrombus age (8,19). We have previously
shown that uptake of fragment E1was high in thrombi up
to 5-days-old, in which fibrinogen uptake was very low
(8). In addition, our clinical studies with â€˜231-fragmentE,
have indicated that thrombi several days old can be readily
imaged in patients, even during heparmntherapy (2,20).

A number of other radiotracers have been evaluated as
agents for imaging vascular thrombi. The properties of
these compounds have been recently reviewed (13,21,22).
Until new compounds actually reach clinical trials, it is
often difficult to assess the potential ofeach tracer because
of the inadequacy of animal models of thrombosis. Most
new thrombus tracers are evaluated in fresh thrombi which
are actively depositing blood elements, although thrombi
in most patients will be several days old at the time of
injection of a thrombus imaging radiopharmaceutical. In
the case of 99mTc..HN.fmgment E1, success in the clinical
situation is predicted because radioiodinated fragment E1
has been previously shown to produce images of clinical
thrombi, @Tc-HN-fragmentE1 appeared to retain the
propertiesofthe iodinatedprotein, and it achievedthrom
bus-to-blood and thrombus-to-muscle ratios better than
fibrinogen in the dog model.

The percent ofinjected fragment E1that binds per gram
of thrombus was two to three times as high as the binding
of 99mTclabeled antifibnn T2G1s monoclonal antibody
Fab' fragments in the same dog model(11). Initial clinical
trials with 99mTcafltifibflfl have been moderately encour
aging (23,24), so one might expect @mTc@fragmentE1 to
be even more successful. Fragment E1also has the potential
advantage of more rapid blood disappearance; in this
study, approximately 8% ofthe injected dose remained in

TABLE 3
Uptake of Radiotracers by Thrombi in Dogs at 4 Hours Postinjection
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9. Davis N. Disc electrophoresis,II. Method and application to human serum
proteins. Ann NYAcadSci l964;l21:404â€”427.

10. CoHen D, Stassen JM, Verstraete M. Thrombolysis with human exthnsic
(tissue-type) plasminogen activator in rabbits with experimental jugular
vein thrombosis. J Clin Invest 1983;71:368â€”376.

11. Knight LC, Maurer AH, Arnmar IA, ci a). Tc-99m-antifibrin Fab' frag
ments for imaging venous thrornbi: evaluation in a canine model. Radio!
ogy1989;173;163â€”l69.
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14. Olexa SA, Budzynski AZ, Doolittle RF, Cottrell BA, Greene IC. Structure
of fragment E species from crass-linked fibrin. Biochemistry 1981;21:
6139â€”6145.

15. Mather Si, Ellison D. Reduction-mediated technetiurn-99rn labeling of
rnonoclonal antibodies. JNuc!Med 1990;31:692-697.

16. Fritzberg AR, Abrams PL, Beaumier PL Specific and stable labeling of
antibodieswithtechnetiurn-99mwitha diamidedithiolatechelatingagent.
ProcNailAcadSci USA l988;85:4025-4029.

17. Harwig ss@ Harwig iF, Coleman RE, Welch Mi. Effect of iodination
level on the properties of radioiodinated fibrinogen. Thromb Res l975;6:
375â€”386.

18. DeNardo 5, Bogren H, DeNardo G. Detection ofthrornbophlebitis in the
lower extremities: a regional comparison of â€˜231-fibrinogenscintigraphy
andcontrastvenography.Am I Roenigeno!l985;145:l045-1052.

19. Coleman RE, Harwig SSL, Harwig JF, Siegel BA, Welch Mi. Fibrinogen
uptake by thrombi: effect ofthrornbus age. J NuclMed l975;l6:370â€”373.

20. Knight LC, Maurer AH, Kollmann M et al. Imaging thrombi with irn
proved formulation of 1-123-fragmentEl [Abstractj.J Nuc!Med 1989;
30:817.

21. Koblik PD, DeNardo GL, Berger Hi. Current status of irnrnunoscintigra
phy in the detection of thrombosis and thromboernbolisrn. Semin Nuc!
Med 1989;19:221â€”237.

22.OsterZH,SornP.Ofrnonoclonalantibodiesandthrombus-specificirnag
ing [Editorial]. I Nuc!Med l990;31:l055â€”1058.

23. AlaVi A, Palevsky HI, Gupta N et al. Radiolabeled antifibrin antibody in
the detection of venous thrombosis: preliminary results. Radio!ogy 1990;
175:79â€”85.

24. deFaucal P, Peltier P. Planchon B et al. Evaluation of' â€œIn-labeledantifi
bnn monoclonal antibody for the diagnosis ofvenous thrombotic disease.
J Nuc!Med 1991;32:785â€”791.

the blood at 4 hr, compared with 24% for T2G1s Fab'
(11).

This method of labeling with @Tcappears to provide
an alternative radiolabel to 123!without compromising the
function of fragment E1. We believe it holds promise for
rapid imaging of venous thrombi in patients.
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