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Imaging with the ®®™Tc-T2G1s monocional antifibrin antibody
fragment (Fab') has demonstrated promise in the noninvasive
detection of venous thrombi in humans. The purpose of this
study was to determine whether chronic arterial thrombi can also
be detected by antifibrin antibody imaging. Methods: Eighteen
subjects with chronic arterial thrombi were studied with planar
and tomographic imaging at 0 to 24 hr postinjection of *®™Tc-
labeled T2G1s monocional antifibrin antibody fragment. Imaging
with '"'In-labeled platelets was also performed. Images were
visually graded by two observers as 0, 1, 2 or 3 (no, faint,
moderate or marked) uptake, and quantitative analysis of tomo-
graphic images was done in 13 subjects. Resuits: On visual
analysis of planar images, 44% (8 of 18) of antifibrin patient
studies were 1.0 or more and 66% (10 of 18) were judged
negative compared with 94% (15 of 16) of platelet patient studies
judged 1.0 or more and 6% (1 of 16) judged as negative (p <
0.01). Visual analysis of tomographic images was similar, with
61% (11 of 18) of antifibrin studies graded 1.0 or more compared
with 100% (17 of 17) of platelet studies (p < 0.01). The tomo-
graphic target-to-background ratio was higher with piatelets than
with antifibrin antibody (2.5 + 1.4 versus 1.8 + 1.0, p < 0.05).
Conclusion: In the large-vessel chronic arterial thrombi studied,
the results of ®*™Tc-abeled monocional T2G1s antifibrin Fab’
imagingwereposnﬁveinonlyone—halfofthepauentssmdled
significantly less than the findings with platelet imaging, which

were positive in all subjects. The higher rate of positive images
with labeled platelets than with labeled antifibrin antibodies may
be largely due to thrombus age, with continued platelet deposi-
tion but little active fibrin deposition.
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Intra-arterial platelet-fibrin thrombus formation is the fi-
nal common pathway that leads to most complications of
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atherosclerosis, including acute myocardial infarction, un-
stable angina, stroke and sudden death. In addition, intra-
arterial thrombosis is a major cause of the complications
associated with intravascular prosthetic materials, such as
arterial bypass grafts and heart valves. Given the impor-
tance of arterial thrombus formation, noninvasive, rapid
and accurate in vivo methods capable of thrombus detec-
tion would be of great clinical value. Thrombosis imaging
with radionuclide techniques involves the injection of a
tracer that accumulates preferentially in the areas of throm-
bosis.

To date, most arterial thrombosis imaging in humans has
utilized ''In-labeled platelets. Platelet imaging is noninva-
sive and semiquantitative, allows serial studies and can
detect large vessel thrombosis. In addition, findings on
platelet imaging may be able to stratify patients into low-
risk or high-risk groups for subsequent arterial thrombo-
embolic events (,2). However, platelet imaging suffers
from several limitations (3). The technique is too complex
and time consuming for routine use because imaging at 48
to 72 hr is typically required. In addition, platelet imaging
cannot detect small thrombi of enormous clinical impor-
tance, such as coronary artery thrombi. This limitation is
partly due to the relatively high circulating background
blood pool activity that occurs with the injection of radio-
labeled platelets. Thus, newer techniques of thrombosis
imaging are clearly needed.

One new approach is the use of antifibrin antibodies
labeled with !!'In or *™Tc. Antifibrin antibodies bind spe-
cifically to fibrin but not to circulating fibrinogen, which
should enhance image contrast by lowering the background
activity. In addition, the relatively rapid blood clearance of
antibody fragments might also enhance thrombus-to-back-
ground ratios (4). The lower energy and higher injected
dose of *™Tc might also improve imaging of thrombi com-
pared with the use of !!'In. Both animal and, more re-
cently, human studies suggest that labeled antifibrin anti-
bodies offer great promise for the diagnosis of venous
thrombi (5-13). In animal models of venous thrombosis,
thrombus-to-blood ratios are relatively high, ranging from
2:1to as high as 24:1 (9, 14-16). In recently reported human
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studies, labeled antifibrin antibodies appeared promising
for the early diagnosis of deep venous thrombosis in hu-
mans, with sensitivities of 81% to 97% and specificities of
84% to 100% compared with contrast venography (5,8, 10—
12). Moreover, sensitivity appears to remain high in pa-
tients who are receiving heparin therapy.

To date, there are no published data regarding the ability
of labeled antifibrin antibodies to detect arterial thrombi in
humans. Compared with venous thrombi, which are com-
posed predominantly of fibrin and red blood cells, arterial
thrombi, at least acute arterial thrombi, contain more plate-
lets with lesser amounts of fibrin and red blood cells (17).
Thus, labeled antifibrin antibody might be less sensitive for
the detection of arterial thrombi. Nevertheless, in a dog
model, the authors recently reported that all acute arterial
thrombi were visually detected within 2 hr of ®™Tc-labeled
antibody injection (I8). The mean ex vivo thrombus-to-
blood ratio was 4.2:1. By quantitative analysis of planar
images, the mean thrombus-to-normal artery ratio was
2.3:1 at 2 hr after injection. An isotype-matched control
monoclonal antibody had no selective thrombus uptake.
These results clearly demonstrated the feasibility of the
noninvasive detection of arterial thrombi with labeled an-
tifibrin antibody.

The first purpose of this study was to determine the
ability of *™Tc-labeled antifibrin antibody fragment imag-
ing to detect large vessel chronic arterial thrombi in hu-
mans in disorders in which thrombi are known to be
present (abdominal aortic aneurysm thrombi, left ventric-
ular thrombi and prosthetic arterial grafts, which have a
lining of platelets and fibrin) (3,19-22). The second pur-
pose of the study was to compare antifibrin antibody find-
ings to more conventional thrombosis imaging using '*'In-
labeled platelets.

METHODS

Subjects

Eighteen men aged 44 to 84 yr (mean = 67 + 10 yr) were chosen
for this study because they had conditions in which chronic large-
vessel arterial thrombosis occurs. Two subjects had left ventric-
ular thrombi documented by two-dimensional echocardiography
performed immediately before thrombosis imaging. In both sub-
jects, the myocardial infarction that caused the thrombus was
remote, 2 mo in one patient and 11 yr in the other patient. The
specificity of two-dimensional echocardiography for left ventric-
ular thrombi in the authors’ laboratory is 95% (23). Three subjects
had abdominal aortic aneurysms with associated thrombi docu-
mented by ultrasound; in all subjects, the aneurysm and thrombus
had been present for more than 1 yr. Thirteen subjects had arterial
grafts, which are uniformly associated with ongoing thrombosis
for indefinite periods after implantation (3,22). The grafts had
been in place for 3 mo to 15 yr. Of the subjects with arterial grafts,
six had polytetrafluoroethylene above-the-knee femoropopliteal
grafts, and seven had Dacron aortic bifurcation grafts (n = 5) or
isolated Dacron aortic grafts (n = 2). Thus, only chronic (longer
than 2 mo) arterial thrombi were studied.

The subjects were studied over a 5-day period. On Day 1,
]n-labeled platelets were injected with imaging, as described
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subsequently, to 48 to 72 hr after the injection. On Day 4, ¥™Tc-
labeled antifibrin antibody Fab' was injected with imaging on
Days 4 and 5. This protocol was approved by the Human Subjects
Committee of the University of Washington, and all subjects gave
informed consent. The radiation dose was 0.3 rem whole-body for
the ®™Tc-labeled antifibrin antibody and 0.2 rem whole-body for
the !"In-labeled platelets.

Antifibrin Labeling and Imaging

The Fab’ fragment of the T2G1s antifibrin antibody was used.
Antifibrin antibody labeling was performed with a packaged label-
ing kit (Centocor, Malvern, PA) by the addition of 30 to 40 mCi of
9mTc to a lyophilized mixture of D-glucaric acid (the ligand used
to chelate the reduced ®™Tc), stannous chloride, concentrated
hydrochloric acid buffered with sodium bicarbonate to a final pH
of 7.0 and 0.5 mg of the antibody Fab’ (18). After incubation of the
mixture for 15 min at room temperature, the labeling efficiency
was determined with thin-layer chromatography. If the initial la-
beling efficiency was less than 90%, which occurred in seven of 18
instances, the incubation was continued for another 10 min, and
the labeling efficiency was again measured. The 15-min labeling
efficiency was 88% * 7%, and the final labeling efficiency was
91% + 1%. The mean injected dose of ™ Tc-labeled antifibrin
antibody was 19.2 = 2.9 mCi. No subject exhibited an adverse
clinical reaction to the administration of the antifibrin antibody.

Serial antifibrin antibody imaging of the region of suspected
thrombosis was performed with planar and/or tomographic meth-
ods at 0 to 10 min postinjection in all subjects, at approximately 2
hr in all subjects and again at 4 to 24 hr after antibody injection in
15 of the 18 subjects. Planar imaging (5 to 10 min/view) was done
with a large-field-of-view gamma camera and a general all-purpose
parallel-hole collimator. Planar imaging of the target area was
done in the anterior view in all patients; patients with left ventric-
ular thrombi also had left lateral images. SPECT imaging of the
target region was performed as previously described (24, 25) at the
same intervals with a GE 400ACT (Milwaukee, WI) interfaced to
a Siemens Microdelta (Burlingame, CA) imaging computer. A
20% energy window was used, and data were collected over the
anterior 180° in all subjects, except those with left ventricular
thrombi, who had data collected over the 180° centered on the
cardiac long-axis (left posterior oblique to right anterior oblique).
Data were collected for 10 to 25 sec at each of 64 stops separated
by 2.81 angular degrees. Reconstruction was performed in the
transaxial projection in 0.6-cm increments with filtered backpro-
jection techniques and correction for uniformity and center of
rotation with no attenuation correction, as previously reported
(24,25). Adjacent 0.6-cm thick tomographic slices were then
summed into 1.2-cm slices prior to visual and quantitative analy-
sis. The subjects were asked to void prior to abdominal imaging to
avoid obscuring abdominal images caused by bladder activity.

Piatelet Labeling and imaging

Platelet imaging was done on 17 of the 18 subjects. Autologous
platelets were labeled with **'In using a modification of Thakur et
al.’s (26) original technique, as previously described from the
authors’ laboratory (21,27). The mean injected dose was 322 + 15
uCi. Serial platelet imaging was performed with both planar and
tomographic techniques, as previously described (24). Tomo-
graphic images were acquired and reconstructed as described for
9™Tc, except that a medium-energy collimator was used, both
major photopeaks (173 and 247 keV) of '''In were collected, and
the acquisition time per stop was increased to 32 sec in all cases
because of the lower injected dose of !!'In. Platelet imaging was
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TABLE 1
Mean Visual Analysis Scores for Planar and Tomographic Images

“"T l ' "m ' |' l 111|n |aww mm

0-10 min 2hr 24 hr Maximum 2-24 hr 48-72 hr Maximum
Planar 0911 0.7 +0.8 05+08 09=+1.1 09+1.0 23 +06 2308
Tomographic 09 +09 1.1 +09 10+1.2 12+10 13+1.0 21+09 24 +06

done early (2 to 24 hr) postinjection in all patients and again at 48
to 72 hr in all but one of the patients.

Visual image Analysis

Images were analyzed by both visual and quantitative methods.
For visual analysis, each image at each imaging time was read
independently by two experienced observers. The images were
interpreted on the following scale: 0 = no detectable uptake com-
pared with adjacent or contralateral vascular structures; 1 = faint
uptake, slightly greater than adjacent or contralateral vascular
activity; 2 = moderate uptake; and 3 = marked uptake, much
greater than adjacent or contralateral vessels. In cases of disagree-
ment, the mean value of the two readers was used. The studies
were also graded as uninterpretable if uptake in adjacent organs
(spleen, liver, kidneys or bladder) overlapped or obscured the
region being studied, which commonly occurred on the 24-hr
antifibrin abdominal images. All of the immediate (0 to 10 min)
planar and tomographic antifibrin studies were judged to be inter-
pretable, but at 2 hr after injection, three planar and four tomo-
graphic images were judged uninterpretable. At 24 hr, six planar
and eight tomographic images were judged uninterpretable. Only
one planar platelet image (at 24 hr) and one tomographic image (at
48 hr) were judged uninterpretable because of overlapping activ-
ities or low counts. Images that were judged as uninterpretable
were not used for the calculation of the mean visual analysis
scores reported in the text or tables. For each subject studied, the
maximal image score achieved at any imaging time with both
planar and tomographic methods was also noted.

Quantitative Iimage Analysis

To compare antifibrin and platelet imaging findings further,
quantitative analysis of the tomographic images was performed on
the images of 13 subjects. Five subjects did not have quantitative
analysis for the following reasons: one subject had only antifibrin
imaging, one subject’s digital images were lost due to a computer
problem, one subject with bilateral femoropopliteal grafts had no
suitable background control area available and two subjects with
left ventricular thrombi could not have accurate target regions
drawn on the antifibrin images because they were visually nega-
tive.
For quantitative analysis, target-to-background ratios were de-
termined as follows. Computer-generated circular regions of in-
terest (ROIs) were applied to transaxial 1.2-cm thick tomographic
slices of both the antifibrin and the platelet studies of each patient
according to previously described methods (24,25). The ROIs
were identically sized and positioned for both the antifibrin and
platelet images. For abdominal aortic aneurysms, the circular
region was applied to three to four slices to obtain target counts
and from three to four slices of normal aorta above or below the
aneurysm to obtain background counts. Patients with isolated
Dacron aortic tube grafts had a similar analysis, with the back-
ground also being a region of adjacent aorta. In patients with
femoropopliteal grafts, circular ROIs were applied to all slices that
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encompassed the graft, and a background region was obtained
from an identical region placed around vascular activity on the
contralateral leg. In patients with aortic bifurcation grafts, no
comparably sized normal background vascular region was avail-
able on the tomographic images; therefore, the background region
was taken from a nonvascular area adjacent to the graft that
avoided the bladder, kidneys, liver and spleen. Tomographic
slices in which there was clear interference from activity in the
kidneys, liver, spleen or bladder were not analyzed. For each
subject, the target-to-background ratio was calculated at each
imaging time; in addition, the maximal achieved target-to-back-
ground ratio was noted.

Statistical Analysis

All data are reported as the mean * s.d. Differences in the
percentage of positive studies between antifibrin and platelet im-
aging were compared by chi-square analysis with continuity cor-
rection. Differences between the quantitative target-to-back-
ground ratios with antifibrin and platelet imaging were compared
with the Wilcoxon signed-rank test. Differences in the visual anal-
ysis ratios between the three patient groups (abdominal aortic
aneurysms, left ventricular thrombi and prosthetic arterial grafts)
were compared by analysis of variance.

RESULTS

Visual Analysis in Antifibrin Studies

The mean visual analysis scores for both planar and
tomographic antifibrin images are presented in Table 1.
The mean visual analysis score for antifibrin images was
0.9 + 1.1 within 5 min after injection, and it tended to
decline over time. By tomographic imaging, the maximal
visual score achieved was similar to that achieved with
planar imaging (1.1 + 1.0 tomographic versus 0.9 + 1.1
planar, p = not significant).

The percentage of patients with maximal visual analysis
scores above two different cutoff points for both planar and
tomographic imaging was calculated. A visual score of 1
corresponded to faint uptake; a visual analysis score of 2
corresponded to moderate uptake. Among all subjects,
44% had a maximal score on planar imaging of 1.0 or more,
and 61% of patients had maximal tomographic scores 1.0 or
more. The percentage of patients with antifibrin studies
graded as 2.0 or more was only 28% by planar techniques
and 39% by tomographic imaging.

Comparison of Visual Analyses in Antifibrin and
Platelet Imaging Studies

The visual analysis scores for the platelet imaging stud-
ies are presented in Table 1. There was no significant
difference in the visual analysis score between the initial
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FIGURE 1. The maximal visual analysis scores for antifibrin and
platelet studies are displayed. By both planar and tomographic anal-
yses, platelet imaging was superior (both p < 0.05).

planar or tomographic platelet images obtained at 2 hr
postinjection compared with either the 0- to 10-min postin-
jection antifibrin images or the 2-hr antifibrin images. How-
ever, the maximal visual analysis score achieved with la-
beled platelets, which was on the 48- to 72-hr images in 15
of the 17 subjects, was approximately twofold higher than
the comparable maximal score by both planar antifibrin
imaging (2.2 + 0.8 versus 0.9 + 1.1, p < 0.01) and tomo-
graphic antifibrin imaging (2.4 + 0.6 versus 1.2 + 1.0, p <
0.01, Fig. 1). Examples of antifibrin and platelet images are
presented in Figures 2 to 4.

Using a cutoff point of 2.0, the percentage of positive
studies was greater with labeled platelets with either planar
imaging (28% antifibrin versus 88% platelet, p < 0.01) or
tomographic imaging (39% antifibrin versus 88% platelet, p
< 0.01, Fig. 5).

Abdominal Aortic Aneurysm Thrombus
Tc - 99 Antifibrin Antibody 1 P

AAA/BG=1.S AAA/BG=5.2

FIGURE 2. Abdominal aortic aneurysm thrombus. On the earny
(10 min) antifibrin image, uptake was clearty present. On the 1-hr
image, antifibrin antibody uptake was still detectable, but increased
activity in the kidneys and bladder had begun to obscure aortic
thrombus activity. Both antifibrin images were visually graded as 1.5.
Platelet imaging at 72 hr showed intense uptake, visually graded as
3.0. The tomographically determined abdominal aortic aneurysm
(AAA) to background (BG) ratio for platelet imaging was 5.2 com-
pared to only 1.5-1.7 for antifibrin imaging.
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Left Ventricular Thrombus - Anterior Views

Indium - 111 Platelets
16 hours

Tc - 99 Antifibrin Antibody
4 hours

FIGURE 3. Left ventricular thrombus. This patient had a very
large left ventricular thrombus, which measured approximately 9.0
cm across by two-dimensional . Platelet imaging
showed a large area of definite uptake onto an apical left ventricular
thrombus, visually graded as 3. In contrast, antifibrin imaging at all
times was negative (visual grade = 0). The location of greatest
antifibrin activity was the overlap of the atria and outflow tract ves-
sels, but no increased uptake was present in the area of the throm-
bus at the cardiac apex.

There were no significant differences in antifibrin or
platelet imaging visual analysis scores between the three
patient groups (left ventricular thrombi, aortic aneurysm
thrombi and prosthetic grafts), but the numbers in each
group were small.

Quantitative Analysis of Tomographic images

The mean target-to-background ratios determined from
tomographic images are presented in Table 2. The maximal
target-to-background ratio with labeled platelets was sig-
nificantly higher than with antifibrin antibody (2.5 + 1.4
versus 1.8 = 1.0, p = 0.03, Fig. 6).

Femoropopliteal Graft
In - 111 Platelets Tc - 99 Antifibrin Antibody
48 hours 10 minutes
Pelvis _ cls _

Knees Knees

FIGURE 4. Polytetrafluoroethylene femoropopiiteal graft. intense
platelet uptake was present in several sections of the graft (visual
grade = 2). lncontrast.anﬂﬂbrhuptakeinmegmmdlegwasmaa
diffuse and even (visual grade = 2). The graft to
pooltaﬁowas121byplaﬁaletmmw117byarm-ﬁbmmag-
ing.
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FIGURE 5. The percentage of patient studies graded visually as
22.0 (moderate or greater uptake) was higher for both planar and

to:m)aphicplatdetimaghgmpwadtoarﬁfhdnimaging(boﬁzp
< 0. .

DISCUSSION

Antifibrin antibody imaging has shown considerable
promise in both animal models and in human studies of
venous thrombosis. The antibody used in this study,
T2Gls, recognizes an epitope that is only exposed after
fibrinogen is cleaved to fibrin. Thus, the labeled antibody
does not bind to circulating fibrinogen present throughout
the blood pool but only to fibrin present in areas of throm-
bosis. The use of an antibody fragment (Fab') rather than
whole antibodies has been a further potential advance be-
cause fragments are cleared more rapidly than the whole
antibody, which is desirable to optimize early thrombus-
to-blood ratios. Fragments may penetrate into thrombi bet-
ter because of their small size, and fragments also may
have a lesser likelihood of causing human antimouse anti-
body reactions compared with the whole antibody (4,28).

In animal models of venous thrombosis, thrombus-to-
blood ratios of 4:1 to as high as 24:1 have been obtained
with a variety of antifibrin antibodies, including the one
used in this study. The images are typically positive within
2 hr after injection (9, 14-16,28,29). Human studies with
Mip.labeled antifibrin antibodies have also demonstrated
the ability to image deep venous thrombosis, with sensi-
tivities ranging from 81% to 100% and specificities ranging
from 84% to 100% in relatively small studies (5,8, 10-12).

Tomographic Target/Background Ratios

4'| J——

Mean + SD
~

Antifibrin Platelet

FIGURE 6. The maximal target-to-background ratio determined
from tomographic images in 13 subjects was higher for labeled
platelets than for labeled antifibrin antibody (p = 0.03).

Moreover, the presence of heparin did not appear to ad-
versely affect the ability to detect thrombi (5, 12, 13).

Venous thrombi are relatively rich in fibrin; in contrast,
arterial thrombi are relatively rich in platelets (17,30).
Thus, the imaging results from venous studies may not be
applicable to arterial thrombi. Nevertheless, in two animal
models of thrombosis imaging that used antifibrin antibod-
ies, the results have been encouraging. Liau et al. (31)
detected 11 of 13 iliac artery thrombi by external imaging of
an *'I-labeled antifibrin antibody 3E6. With the same an-
tibody fragment as utilized in the current study (T2Gls
Fab’) in an acute occlusive arterial model, the authors
found a thrombus-to-blood ratio of 4.2:1 in 23 arterial
thrombi (18). External imaging, which was done in 10
thrombi, was visually positive in all cases within 2 hr of
antibody injection. Therefore, the existing data in both
animals and humans suggest that antifibrin antibody imag-
ing of arterial thrombi is feasible.

As an initial test of antifibrin imaging of chronic arterial
thrombi in humans, the authors selected patients with con-
ditions in which thrombi had been demonstrated by ultra-
sound (left ventricular thrombi and abdominal aortic aneu-
rysm thrombi) or patients with prosthetic arterial grafts,
which are uniformly associated with platelet-fibrin throm-
bus (3). The presence of thrombus in these patients was
further confirmed by tomographic platelet imaging, which
was positive in all subjects with a visual analysis score of 1

TABLE 2
Quantitative Analysis of Tomographic Images: Mean Target-to-Background Ratios
%omTe antifibrin antibody "in-platelets
0-10 min 2hr 24 hr Maximum 2-24 hr 48-72 hr Maximum
18+10 16+07 1.1+0.1 18+10 19+09 23+14 25+14
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or more. Such a score indicates mild or greater uptake.
Thus, the negative results in many subjects by antifibrin
imaging cannot be ascribed to the absence of thrombus or
the presence of a hematologically inactive thrombus be-
cause platelet imaging findings were positive in all the
study subjects.

Imaging of *™Tc-labeled monoclonal antifibrin antibody
Fab' detected only 39% to 61% of thrombi, depending on
the cutoff point for defining a positive study result. In
nearly all instances, the antifibrin images appeared most
positive at early imaging times (0 to 2 hr after isotope
injection). Tomographic imaging of '"'In-labeled platelets,
in contrast, detected 88% to 100% of the same thrombi,
although platelet imaging usually required imaging to 48 to
72 hr after labeled platelet injection. Delayed imaging to 48
to 72 hr with ™ Tc-labeled antifibrin antibody is not pos-
sible because of the much shorter half-life of technetium
compared with that of indium (6 hr versus 68 hr) and the
shorter in vivo half-life of the antibody fragment (less than
2 hr) compared with that of platelets (approximately 3 to 4
days in patients with vascular disease). The maximal visual
analysis score was twice as high for platelet imaging com-
pared with that in antifibrin imaging. The quantitative tar-
get-to-background ratios obtained by analysis of the tomo-
graphic images further confirmed the superiority of platelet
imaging for thrombus detection in these types of thrombi.

The relatively low rate of positive images with antifibrin
imaging may be explained by several factors. The first
factor is thrombus composition and the presence of con-
tinued blood flow. In all three of the groups studied, the
surface of the thrombus remained exposed to flowing
blood, which allows accumulation of increasing numbers of
labeled platelets but relatively less fibrin (17). In the au-
thors’ animal model of total arterial occlusion (18), the
thrombus consisted largely of red blood cells and smaller,
but probably equal, amounts of fibrin and platelets. A pre-
ponderance of platelets in the human arterial thrombi stud-
ied would explain, in part, these findings. Second, throm-
bus age likely influences the findings. Animal studies that
evaluated antifibrin arterial imaging only studied recently
formed thrombi. The human thrombi examined in the cur-
rent study had been present for months to years and pre-
sumably had a relatively high platelet composition. Al-
though 1- to 5-day-old venous thrombi have had acceptable
thrombus-to-blood ratios in animal models (14,15,29) in
one study of T2G1s, the thrombus-to-blood ratio decreased
from 9.4 to 4.5 between 3-hr-old and 3-day-old thrombi
(14). Thrombi greater than 5 days old have not been ex-
amined in animal models. In two human studies of deep
venous thrombosis, the ability to detect older thrombi ap-
peared significantly less than in patients with a recent onset
of symptoms, probably because of the lesser exposed fibrin
deposits in the older thrombi (11,12). Fibrin incorporated
into thrombi is broken down over time, and the antibody
fragment does not bind to the fibrin breakdown products.
In addition, platelet imaging studies in animals and in hu-
mans have demonstrated that chronic thrombi are less
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likely to be positive, presumably as a result of lesser ac-
tivity or lesser mass (32-34). Thus, the advanced age of the
thrombi studied may have contributed to the negative re-
sults in some patients.

The relatively consistently positive images obtained with
1111 Jabeled platelets were anticipated based on the au-
thors’ prior studies and those of others. Nearly all patients
with vascular grafts have visually positive platelet study
results, as do most patients with abdominal aortic aneu-
rysm thrombi and approximately one-half to two-thirds of
patients with left ventricular thrombi (2, 3,21,22,35). Thus,
even chronic arterial thrombi usually have demonstrable
platelet uptake.

This study had several limitations. Relatively small num-
bers of subjects were studied, particularly in the groups
with left ventricular thrombi or abdominal aortic aneurysm
thrombi, and the conclusions in regard to each type of
thrombus individually are limited. Nevertheless, there
were no significant differences in findings between the
three groups in the visual analysis scores. The authors
studied only chronic arterial thrombi; thus, no conclusions
can be drawn in regard to the ability of antifibrin imaging to
detect acute arterial thrombi. Simultaneous imaging of la-
beled platelets and antifibrin antibody was not done be-
cause of the overlapping energies of *™Tc and '"'In; how-
ever, in these chronic thrombi, little if any change in
thrombus activity would be anticipated over the 1-wk pe-
riod of study. The authors previously documented that
11n.]abeled platelet uptake is stable over time in patients
with left ventricular thrombi or prosthetic arterial grafts
(22.36). They did not perform blood pool subtraction,
which has been suggested as a possible method to improve
thrombus detection by labeled platelets; however, an ani-
mal study documented that blood pool subtraction did not
improve the quantitation of platelet uptake (37). Moreover,
it has been the authors’ impression that such methods can
create false-positive results because of artifacts.

In summary, *™Tc-labeled T2G1s antifibrin antibody
Fab’ visually identified large vessel arterial thrombosis in
only one-half of the patients studied, which was signifi-
cantly less than 'In-labeled platelet imaging results. The
lower rate of image positivity in these subjects with arterial
thrombosis compared with that in previously studied pa-
tients with deep venous thrombosis is probably due largely
to differences in thrombus composition or activity. Positive
images, when present, tended to occur early after antifibrin
antibody injection, unlike the case of labeled platelets,
which require several days. This is the first study of which
the authors are aware that demonstrates the feasibility of
imaging at least some arterial thrombi in humans with
monoclonal antibody techniques. Further developments in
thrombosis tracers, including monoclonal antibodies
against activated platelets (38) or other portions of the
fibrin molecule (14), and the development of other tracers
that localize in arterial thrombi may provide improved ar-
terial thrombus detection in humans.

The Joumal of Nuclear Medicine ® Vol. 35 ¢ No. 11 « November 1994



ACKNOWLEDGMENTS

The antibody antifibrin fragment and labeling kit was provided

by Thomas F. Schaible, PhD, and Centocor Inc. (Malvern, PA).
The authors thank Jean Hadlock, John Martin and Candy Sands
for their technical help; Wayne Levy, MD, for his help in patient
monitoring; and James L. Ritchie, MD, for his advice and support
and for reviewing the manuscript.

REFERENCES

1.

10.

11.

12

13.

14.

15.

16.

17.
18.

Goldman M, Hall C, Dykes J, Hawker RJ, McCollum CN. Does indium-
111-platelet deposition predict patency in prosthetic arterial grafts? Br J
Surg 1983;70:635-638.

. Stratton JR, Ritchie JL. Indium-111 platelet imaging of left ventricular

thrombi: predictive value for systemic emboli. Circulation 1990;81:1182-
1189.

. Stratton JR. Thrombosis imaging with indium-111-labeled platelets. In:

Marcus ML, Schelbert HR, Skorton DJ, Wolf DJ, eds., Cardiac imaging—
principles and practice. New York: WB Saunders; 1991:1121-1134.

. Knight LC. Imaging thrombi with radiolabelled anti-fibrin monoclonal an-

tibodies. Nucl Med Commun 1988;9:823-829.

. DeFaucal P, Peltier P, Planchon B, et al. Evaluation of indium-111-labeled

antifibrin monoclonal antibody for the diagnosis of venous thrombotic dis-
ease. J Nucl Med 1991;32:785-791.

. Wasser MN, Pauwels EK, Nieuwenhuizen W. Thrombus detection using a

99mTc labeled antifibrin monoclonal antibody (MoAb): experiments in vitro
and in animals. Thromb Res Suppl 1990;10:91-104.

. Koblik PD, De NG, Berger HJ. Current status of immunoscintigraphy in the

detection of thrombosis and thromboembolism. Semin Nucl Med 1989;19:
221-237.

. Alavi A, Palevsky HI, Gupta N, et al. Radiolabeled antifibrin antibody in

the detection of venous thrombosis: preliminary results. Radiology 1990;
175:79-85.

. Knight LC, Maurer AH, Ammar IA, et al. Technetion-99m antifibrin Fab’

fragments for imaging venous thrombi: evaluation in a canine model. Radi-
ology 1989;173:163-169.

Aronen H. Diagnosis of deep venous thrombosis of the leg using immuno-
scintigraphy with '!'In-labelled monoclonal antifibrin antibody fragments.
Acta Radiol 1989;30:159-162.

Jung M, Kletter K, Dudczak R, et al. Deep vein thrombosis: scintigraphic
diagnosis with '"'In-labeled monoclonal antifibrin antibodies. Radiology
1989;173:469-475.

Lusiani L, Zanco P, Visona A, et al. Immunoscintigraphic detection of
venous thrombosis of the lower extremities by means of human antifibrin
monoclonal antibodies labeled with !''In. Angiology 1989;40:671-677.
Vorme MS, Honkanen TT, Lantto TJ, et al. Thrombus imaging with *™Tc-
HMPAO-labeled platelets and '''In-labeled monoclonal antifibrin antibod-
ies. Acta Radiol 1993;34:59-63.

Rosebrough SF, McAfee JG, Grossman ZD, et al. Thrombus imaging: a
comparison of radiolabeled GC4 and T2G1s fibrin-specific monoclonal an-
tibodies. J Nucl Med 1990;31:1048-1054.

Rosebrough SF, Kudryk B, Grossman ZD, et al. Radioimmunoimaging of
venous thrombi using iodine-131 monoclonal antibody. Radiology 1985;156:
515-517.

Knight LC, Maurer AH, Ammar IA, Shealy DJ, Mattis JA. Evaluation of
indium-111-labeled anti-fibrin antibody for imaging vascular thrombi.J Nuc!
Med 1988;29:494-502.

Cadroy Y, Hanson SR. Effects of red blood cell concentration on hemosta-
sis and thrombus formation in a primate model. Blood 1990;75:2185-2193.
Cerqueira MD, Stratton JR, Vracko R, Schaible TF, Ritchie JL. Noninva-
sive arterial thrombus imaging with **™Tc monoclonal antifibrin antibody.
Circulation 1992;85:298-304.

Imaging Chronic Arterial Thrombi ¢ Stratton et al.

19.

21.

31.

3.

33.

3.

37.

Heyns AD, Lotter MG, Badenhorst PN, et al. Kinetics and fate of indium-
111-oxine-labeled platelets in patients with aortic aneurysms. Arch Swg
1982;117:1170-1174.

. Hanson SR, Kotze HF, Pieters H, Heyns AD. Analysis of indium-111

platelet kinetics and imaging in patients with aortic grafts and abdominal
aortic aneurysms. Arteriosclerosis 1990;10:1037-1044.

Stratton JR, Ritchie JL, Hamilton GW, Hammermeister KE, Harker LA.
Left ventricular thrombi: in vivo detection by indium-111 platelet imaging
and two dimensional echocardiography. Am J Cardiol 1981;47:874-881.

. Stratton JR, Thiele BL, Ritchie JL. Platelet deposition on Dacron aortic

bifurcation grafts in man: quantitation with indium-111 platelet imaging.
Circulation 1982;66:1287-1293.

. Stratton JR, Lighty GJ, Pearlman AS, Ritchie JL. Detection of left ventric-

ular thrombus by two-dimensional echocardiography: sensitivity, specific-
ity, and causes of uncertainty. Circulation 1982;66:156-166.

. Stratton JR, Ritchie JL. Reduction of indium-111 platelet deposition on

Dacron vascular grafts in humans by aspirin plus dipyridamole. Circulation
1986;73:325-330.

. Stratton JR, Ritchie JL. Effect of suloctidil on tomographically quantitated

platelet accumulation in Dacron aortic grafts. Am J Cardiol 1986;58:152-
156.

. Thakur ML, Welch MJ, Joist JH, Coleman RE. Indium-111 labeled plate-

lets: studies on preparation and evaluation of in vitro and in vivo functions.
Thromb Res 1976;9:345-357.

. Stratton JR, Ritchie JL. Failure of ticlopidine to inhibit deposition of in-

dium-111-labeled platelets on Dacron prosthetic surfaces in humans. Circu-
lation 1984;69:677-683.

. Rosebrough SF, Grossman ZD, McAfee JG, et al. Thrombus imaging with

indium-111 and iodine-131-labeled fibrin-specific monoclonal antibody and
its F(ab’)2 and Fab fragments. J Nucl Med 1988;29:1212-1222.

. Rosebrough SF, Grossman ZD, McAfee JG, et al. Aged venous thrombi:

radioimmunoimaging with fibrin-specific monoclonal antibody. Radiology
1987;162:575-577.

. Harker L, Hanson S. Experimental arterial thromboembolism in baboons:

mechanism, quantitation, and pharmacologic investigation. J Clin Invest
1979;64:559-569.

Liau CS, Su CT. Imaging of experimental arterial thrombi with iodine-131-
labeled fibrin-specific monoclonal antibody. Taiwan I Hsueh Hui Tsa Chih
1989;88:209-212.

Seabold JE, Schroder E, Conrad GR, et al. Indium-111 platelet scintigraphy
and two-dimensional echocardiography for detection of left ventricular
thrombus: influence of clot size and age. J Am Coll Cardiol 1987;9:1057-
1066.

Bellotti P, Claudiani F, Chiarella F, et al. Activity of left ventricular thrombi
of different ages: assmment with indium-oxine platelet imaging and cross-
sectional . Eur Heart J 1987;8:855-860.

. Vandenberg BF, Seabold JE, Conrad GR, et al. Indium-111-labeled platelet

scintigraphy and two-dimensional echocardiography for detection of left
atrial appendage thrombi. Studies in a new canine model. Circulation 1988;
78:1040-1046.

Stratton JR, Thiele BL, Ritchie JL. Natural history of platelet deposition on
Dacron aortic bifurcation grafts in the first year after implantation. Am J
Cardiol 1983;52:371-374.

. Stratton JR, Ritchie JL. The effects of antithrombotic drugs in patients with

left ventricular thrombi: assessment with indium-111 platelet imaging and
two-dimensional echocardiography. Circulation 1984;69:561-568.
Wakefield TW, Lindblad B, Graham LM, et al. Nuclide imaging of vascular
graft-platelet interactions: comparison of indium excess and technetium
subtraction techniques. J Surg Res 1986;40:388-394.

. Palabrica TM, Furie BC, Konstam MA, et al. Thrombus imaging in a

primate model with antibodies specific for an external membrane protein of
activated platelets. Proc Natl Acad Sci USA 1989;86:1036-1040.

1737





