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Preliminary studies with #™Tc-apcitide (**"Tc-P280), a synthetic
peptide that binds to glycoprotein lib/llla receptors expressed on
activated platelets, have shown promising results in the detection
of acute deep vein thrombosis (ADVT). The purpose of this study
was to compare the diagnostic value of early and delayed
imaging with #mTc-apcitide in patients with suspected ADVT,
using contrast-enhanced venography as the gold standard.
Methods: Thirty-nine patients (17 women, 22 men; mean age
59 y) with signs or symptoms suggestive of ADVT (within 10 d of
onset) and scheduled for contrast-enhanced venography were
prospectively studied. The patients were injected with approxi-
mately 740 MBq (20 mCi) 9™ Tc-apcitide within 36 h of contrast-
enhanced venography. Both anterior and posterior planarimages
(8-10 min/view) of the lower extremities using a dual-head
gamma camera were obtained at 10, 60 and 120 min after the
injection of $¥mTc-apcitide. The three sets of images initially were
interpreted randomly and separately by three experienced observ-
ers unaware of the clinical history, the site of ADVT and results of
contrast-enhanced venography. All images from the three sets
for a given patient were then analyzed together during a second
session. Conventional contrast-enhanced venography was per-
formed on 31 patients before #mTc-apcitide scintigraphy and in
the remaining 8 patients after #mTc-apcitide scintigraphy. #mTc-
apcitide findings were considered positive for ADVT when a focus
of increased uptake was found to correspond to the location of
a deep vein. Disagreements were resolved by consensus.
Results: Twenty-two patients had ADVT observed on contrast-
enhanced venography, whereas 17 had normal findings. Six
cases of ADVT were infrapopliteal. One patient did not complete
the third set of images with #mTc-apcitide. The sensitivity of
%mTc-apcitide in detecting ADVT was 63.6% (14/22), 68.2%
(15/22), 76.2% (16/21) and 86.4% (19/22) for images obtained at
10, 60 and 120 min and for the three sets analyzed together,
respectively. The specificity was 82.4% (14/17), 76.5% (13/17),
88.2% (15/17) and 88.2% (15/17) for images obtained at 10, 60
and 120 min and for the three sets of images together, respec-
tively. Conclusion: Although the set of #mTc-apcitide images
obtained 120 min after injection showed good overall diagnostic
accuracy, the combination of at least two sets of images provided
the highest accuracy in detecting ADVT.
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Acute deep vein thrombosis (ADVT) and its more
serious complication, pulmonary embolism, are common
clinical conditions associated with significant morbidity and
mortality. Because of the clear link between ADVT and
pulmonary embolism, and also because of other sequelae
such as postphlebitic syndrome, prompt diagnosis and
appropriate treatment of this condition are important (/-3).
Unfortunately, ADVT may be clinically silent: approxi-
mately 70% of patients presenting with confirmed pulmo-
nary embolism have asymptomatic venous thrombosis (4).
Conversely, ADVT may be associated with nonspecific
signs and symptoms: approximately only 30%—40% of
patients presenting with signs and symptoms of the disease
can be confirmed to have ADVT (5-6). Although contrast-
enhanced venography is considered the gold standard for
diagnosis of ADVT (7), this test is not used routinely
because it is lengthy and expensive, causes patient discom-
fort and evokes safety concerns. In addition, contrast-
enhanced venography has some contraindications, produces
some images that are uninterpretable and cannot reliably
differentiate between recurrent ADVT and an old organized
thrombus with postphlebitic syndrome (8).

The most common method for diagnosing ADVT is
real-time sonography with compression, often in combina-
tion with Doppler sonography (9). This technique is consid-
ered accurate, sensitive and specific in patients with signs
and symptoms of ADVT above the knee and with no history
of thrombosis in the affected extremity (/0-12). However,
this technique also has limitations, including poor accuracy
below the knee and low sensitivity in asymptomatic, high-
risk patients (/3). Therefore, an objective and noninvasive
diagnostic procedure allowing the detection and localization
of ADVT would be useful.

Recently, ™Tc-apcitide (also known as *™Tc-P280), a
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synthetic glycoprotein (GP) IIb/Illa receptor-binding pep-
tide, has been investigated in humans for detection of ADVT
(14-16). PmTc-apcitide is capable of binding avidly and
specifically to the GP IIb/IIla receptors expressed on acti-
vated platelets involved in ADVT. The purpose of this study
was to compare the diagnostic accuracy of early and delayed
99mTc-apcitide scintigraphy in patients with suspected ADVT
of the lower extremities using contrast-enhanced venogra-
phy as the gold standard.

MATERIAL AND METHODS

Study Design and Patient Population

This study was a prospective, single-center, single-dose, within-
patient comparison of %™Tc-apcitide scintigraphy and contrast-
enhanced venography in detecting ADVT of the lower extremities
and was approved by the institutional review board. ¥™Tc-apcitide
scintigraphy was conducted either before or after venography, and
the two procedures were performed within a 36-h period. Patients
were excluded if their symptoms began more than 10 d previously
or if they were less than 18 y old, pregnant or lactating, of
childbearing potential (unless the possibility of pregnancy had been
ruled out by either B-human chorionic gonadotropin testing, an age
greater than 60 y, a postmenopausal status for at least 1 y or surgical
sterilization) or had received an investigational drug within 30 d
before enrollment. Thirty-nine patients (17 women, 22 men; age
range 25-84 y, mean age [+SD] 59.4 y *+ 17.1 y) were enrolled
over 8 mo, and all gave written informed consent. Their weight
range was 46—102 kg (mean weight 76.6 * 13.5 kg). Seven patients
(17.9%) had a history of ADVT, and 5 patients (12.8%) had a
history of pulmonary embolism.

#%mTc-Apcitide Preparation and Administration

Nonradioactive kits for the preparation of ®™Tc-apcitide (Acu-
Tect) were supplied by Diatide Inc. (Londonderry, NH). Each
10-mL vial contained a sterile, nonpyrogenic, lyophilized formula-
tion of 100 ug P280 peptide under nitrogen. The active binding
region of apcitide or P280 is an analog of the arginyl-glycyl-
aspartic acid sequence present in fibrinogen. The kit was reconsti-
tuted with sterile, nonpyrogenic, oxidant-free 9™Tc-sodium pertech-
netate obtained from commercial generators. The pH of the
reconstituted product was approximately 6.5.

Before reconstitution for administration, each kit was allowed to
warm to room temperature (15°C-30°C). With aseptic technique
and adequate shielding, each kit was reconstituted with 1 mL
99mTc-sodium pertechnetate containing approximately 1110 MBq
(30 mCi) #"Tc. The kits were then swirled to dissolve the contents
and heated upright at 100°C for 15 min in a shielded boiling water
bath. Before administration to the patient, the vials were allowed to
cool to room temperature and the reconstituted vial contents were
inspected for particulate matter or any discoloration and assayed
for radiochemical purity of the %™Tc-apcitide. The reconstituted
vials were stored at room temperature and administered within 6 h
after radiolabeling.

%mTc-Apcitide Radiochemical Purity Determination

The reconstituted contents of the vials containing ¥™Tc-apcitide
were tested for radiolabeling efficiency and the presence of other
radiolabeled species by instant thin-layer chromatography (ITLC).
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Three different developing solvents—saturated sodium chloride
solution (SAS), distilled water and methyl ethyl ketone (MEK)—
were used to assess the percentage of colloids, pertechnetate,
glucoheptonate and ®™Tc-apcitide.

Three ITLC-SG strips (Pall Gelman Sciences, Fayetteville, NC)
were used. One drop of approximately 10 pL %™Tc-apcitide was
placed at the origin of each strip using a 21-gauge needle. Before
the spots were dry, the first ITLC-SG strip was placed in the solvent
chamber containing distilled water, the second strip was placed in
the chamber containing SAS solution and the third strip was placed
in the MEK developing solvent. The strips were placed upright in
the respective developing solvent such that the spots were above
the solvent line and the top of the strips leaned against the side of
the developing chamber. Once the solvent front had moved to the
top of the strips, the strips were removed from the developing
chamber and allowed to dry. The strip from the distilled water was
then cut at 0.25 R¢ (25% of the distance from the origin to the
solvent front), and the strips from the SAS solution and MEK
solvent were cut at 0.75 Ry. Each strip was counted in an adequate
dose calibrator. The count from the strip in water was the
percentage of ™Tc nonmobile impurities or colloids (A), the count
from the strip in SAS solution was the percentage of *™Tc-
pertechnetate and ™Tc-glucoheptonate (B) and the count from the
strip in MEK solvent was the percentage of “™Tc-pertechnetate
(C). The percentage of *™Tc-glucoheptonate was found by subtract-
ing C from B, and the percentage of *™Tc-apcitide was found by
subtracting the sum of A and B from 100. The %™Tc-apcitide
preparation was administered only when the radiochemical purity
was more than 90%.

9%mTc-Apcitide Scintigraphy

Satisfactory hydration was maintained at all times to reduce
radiation exposure to nontargeted organs. Whenever possible,
patients were asked to drink at least one glass of water before tracer
administration and to void frequently after the injection. %™Tc-
apcitide was injected intravenously (butterfly or running intrave-
nous line). Each patient received a dose of approximately 740 MBq
(20 mCi) and 70-100 pg of peptide.

9mTc-apcitide scintigraphy was performed using a large-field-of-
view dual-head gamma camera (Isocam II; Park Meditech, La-
chine, Canada) fitted with a low-energy, parallel-hole, high-
resolution collimator. The energy photopeak was set at 140 keV *
10%. Clothing was removed before imaging. The patients were
positioned supine on the imaging table, and the lower extremities
were symmetrically and comfortably positioned without any com-
pression of the limbs to avoid motion during imaging. Planar
studies were acquired in a 256 X 256 matrix. Three sets of planar
images were obtained approximately 10, 60 and 120 min after the
injection of tracer. Images of the calves, knees, thighs and pelvis
were obtained in both anterior and posterior views (simultaneous
anterior and posterior acquisition). The data acquisition time was
8-10 min per view, according to each patient’s body habitus.

Contrast-Enhanced Venography

A vein of the dorsum of the foot was punctured with a 22-gauge
Angiocath (Becton-Dickenson, Cockeysville, MD), and the needle
tip was directed toward the toes whenever possible. Tourniquets
were not routinely used. When the patient could tolerate no more
than a shallow upright position, venography was performed on a
long film changer and 60 mL of full strength iso-osmolar contrast
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medium was injected with a power injector at a rate of 3 mL/sec.
When the patient could tolerate a semiupright position, venography
was performed on a tilt table, with 35.6 X 43.2 cm (14 X 17 in.)
films and hand injection of 60 mL 60% contrast medium or 100 mL
43% contrast medium. A box was placed under the other extremity
so that the leg being examined bore no weight. With both
techniques, images were obtained with the leg in both internal and
external rotation from the foot to the iliac vein.

Data Analysis

9mTe-Apcitide. ®™Tc-apcitide images were displayed digitally
for the masked reading and compiled randomly. Three observers
experienced in nuclear medicine were asked to analyze the
9mTc-apcitide images without knowing the patients’ age, sex,
clinical history or contrast-enhanced venography results. During a
first session, the observers separately and randomly analyzed each
of the three sets of images of each patient. During a second session
a few days later, the observers analyzed the three sets of images
together to obtain, by consensus, a final diagnosis for each patient
using all data available. Nine anatomic regions—right and left
calves, right and left knees, right and left thighs, right and left iliac
regions and inferior vena cava—were analyzed and scored for the
presence of ADVT using four categories: positive, negative,
indeterminate or not done. For positive findings, the observers were
asked to qualify the extent of the vessels involved.

Each %™Tc-apcitide study was evaluated in the same manner
from a computer screen with appropriate contrast adjustment. For
the initial session, ADVT was considered to be present if asymmet-
rically increased deep venous uptake of *™Tc-apcitide was seen on
both anterior and posterior images. For the second session, two
criteria were added: evidence of the asymmetric increase on two or
more imaging sets and persistence or enhancement of the asymmet-
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ric increase on delayed images (Figs. 1-4). These criteria were
added because of information obtained from the different sets of
images over time. The final diagnosis was reached by consensus.

Contrast-Enhanced Venography. As for ®™Tc-apcitide images,
contrast-enhanced venograms were compiled randomly and inter-
preted independently by experienced observers who were unaware
of the patients’ age, clinical history or ™Tc-apcitide findings. The
final diagnosis was based on the consensus of either two or three
observers. In cases of disagreement, the observers reinterpreted the
venogram and reached a consensus.

Two regions of each leg were assessed: proximal (iliac, common
femoral, superficial femoral, deep femoral and popliteal veins)
and distal (calf and peroneal, posterior tibial and anterior tibial
veins up to and including the trifurcation of the calf veins).
Findings were considered positive for ADVT when an intraluminal
filling defect was present. Such a defect was defined as an area
of reduced or absent filling at least partially surrounded by con-
trast medium and constant on more than one image. The defect
could also consist of a lack of filling in a vessel that was seen to be
filling more proximally, with the cutoff point having the con-
figuration of a thrombus. Negative findings were defined as
visualization of all deep veins with no evidence of an intraluminal
filling defect.

Statistical Analysis

The relationship between the findings of ®™Tc-apcitide scintig-
raphy and contrast-enhanced venography was given in terms of
sensitivity, specificity and accuracy (true-positives plus true-
negatives divided by the sum of all cases). To compare the
diagnostic performance of *™Tc-apcitide scintigraphy at various
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FIGURE 1. Scintigraphic images obtained 10 (A), 60 (B) and 120 min (C) after injection of 740 MBq (20 mCi) #™Tc-apcitide show
normal findings. Anterior views (top row) and posterior views (bottom row) of pelvis, thighs, knees and calves show that symmetric
blood-pool activity (arrows) seen on earliest images decreases over time. No persistent or increased vascular uptake is seen on
120-min images. ANT = anterior view; PIV = after tracer injection; POST = posterior view.
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FIGURE 2. Scintigraphic images (posterior knee and calf views) obtained 10 (A), 60 (B) and 120 min (C) after injection of

9mTc-apcitide in patient with recent left knee surgery and acute thrombosis of posterior tibial and peroneal deep veins of left calf. Slight
asymmetry of vascular uptake seen in left calf (arrows) on earliestimage becomes more obvious on later images.

intervals, odds ratios for sensitivity and specificity (determined as  enhanced venography or *™Tc-apcitide scintigraphy) was as

sensitivity divided by 1 minus specificity) were calculated. follows: for 4 patients (10.4%), less than 1 d; for 16 patients
(41.0%), 3 d or less; for 34 patients (87.2%), S d or less; and
RESULTS for 38 patients (97.4%), 7 d or less. The mean interval

The distribution of days from the onset of symptoms to between onset of symptoms and first diagnostic study was
the time of the first imaging procedure (either contrast- 3.7 d. Clinical signs and symptoms were divided into five

FIGURE 3. Scintigraphic images (poste-
rior knee view) of patient with ADVT of left
popliteal and distal superficial femoral veins.
(A) Image obtained 10 min after injection of
#¥mTc-apcitide shows normal, symmetric up-
take in popliteal veins. (B) Image obtained
120 min after injection of %mTc-apcitide
shows clearly abnormal uptake in left popli-
teal vein and ipsilateral distal superficial
femoral vein (arrows), corresponding to site
of ADVT.
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categories: pain, tenderness or Homans’ sign; swelling;
increased warmth; erythema; and a palpable cord. The
dominant signs and symptoms were pain, tenderness or
Homans’ sign (36 patients [92.3%]) and swelling (33
patients [84.6%]). Increased warmth and erythema were
observed in 24 patients (61.5%) and 11 patients (28.2%),
respectively. A palpable cord was observed in only 1 patient.
Abnormalities were most prevalent in the calf, with progres-
sively fewer abnormalities observed in regions closer to the
abdomen.

Thirty-one patients (79.5%) received at least one antiplate-
let drug or anticoagulant: 30 patients (76.9%) took medica-
tions from the heparin group, and 11 patients (28.2%) took
vitamin K antagonists including warfarin sodium. Seven
patients (17.9%) received no thrombus medication. In
patients taking heparin, the mean interval between the first
administration of the drug and the first study was 2.8 *
2.0d.

%mTc-Apcitide Scintigraphy Data

The mean radiolabeling efficiency of *™Tc-apcitide was
96.2% * 1.7% (range 91.4%-98.7%). The mean injected
activity was 791.8 * 33.3 MBq (21.4 = 0.9 mCi) (range
728.9-865.8 MBq [19.7-23.4 mCi]) with an injected pep-

FIGURE 4. Scintigraphic images (poste-
rior knee view) of patient with ADVT of
posterior tibial and peroneal veins of right
calf. Abnormally increased %mTc-apcitide
uptake (arrows) seen on image obtained
60 min after injection (A) is seen more
clearly on image obtained 120 min after
injection (B).

tide dose of 90.0 ug. The injected ®™Tc-apcitide volume was
0.7-1.0 mL.

Contrast-Enhanced Venography Data

Contrast-enhanced venography showed ADVT localized
to the calf in 6 patients (27.3%), extending to the knee in 8
patients (36.4%) and extending to the thigh in 6 other
patients (27.3%). ADVT was localized to the knee in 1
patient and to the thigh in another patient.

Interval Between %™ Tc-Apcitide Scintigraphy
and Venography

Thirty-six patients (92.3%) underwent ®™Tc-apcitide scin-
tigraphy and contrast-enhanced venography within a 36-h
interval: 16 patients (41.0%) from O to 12 h and 34 patients
(87.2%) from O to 24 h. The mean interval between
99mTc-apcitide scintigraphy and contrast-enhanced venogra-
phy was 16.0 = 13.6 h (range 1-40 h). Contrast-enhanced
venography was performed before *™Tc-apcitide scintigra-
phy in 31 patients.

Comparison of ®™Tc-Apcitide Scintigraphy
and Venography

Table 1 summarizes the sensitivity, specificity and accu-
racy of *™Tc-apcitide scintigraphy performed at three

TABLE 1
Indices for Detection of Acute Deep Vein Thrombosis with 9™Tc-Apcitide Scintigraphy

Time after tracer injection

(min) Sensitivity Specificity Accuracy Odds ratio
10 63.6% (14/22) 82.4% (14/17) 71.8% (28/39) 3.6 (0.8-16.5)
60 68.2% (15/22) 76.5% (13/17) 71.8% (28/39) 2.9 (0.7-12.1)

120 76.2% (16/21) 88.2% (15/17) 81.6% (31/38) 6.5 (1.1-38.6)
Together* 86.4% (19/22) 88.2% (15/17) 87.2% (34/39) 7.3(1.1-49.7)

*Three sets of images analyzed together.
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different time points in the detection of ADVT using
contrast-enhanced venography as the gold standard. A
comparison of imaging performed at 10, 60 and 120 min
after radiotracer injection shows that the 120-min images
had the highest sensitivity, specificity and overall accuracy
(76.2%, 88.2% and 81.6%, respectively). These numbers
were higher when the three sets of images were read
together: 86.4% sensitivity (19/22), 88.2% specificity (15/
17) and 87.2% accuracy (34/39). The sensitivity of *™Tc-
apcitide scintigraphy for detection of ADVT was 83.3%
(5/6) for thrombi localized to the calf, 100% (8/8) for
thrombi involving both the calf and the knee and 83.3%
(5/6) for thrombi extending from the calf to the thigh.
Scintigraphy revealed the thrombus in the patient in which it
was localized to the thigh but did not reveal the thrombus in
the patient in which it was localized to the knee.

Table 2 summarizes the ®™Tc-apcitide studies with false-
negative findings in patients with proven ADVT. In the
analysis of the three sets of images together, the three studies
with false-negative findings occurred in patients with calf
and knee thrombosis and in patients with a thrombus more
than 3 d old. Although the set of images obtained at 120 min
showed the highest sensitivity, the combination of at least
another set of images, either at 10 or 60 min, improved the
overall accuracy. Of the patients with false-negative findings
at 120 min, 1 (patient 5) had positive findings at 10 min only
and 1 (patient 6) had positive findings at both 10 and 60 min.

DISCUSSION

Detection and localization of ADVT is critical for deter-
mining clinical treatment. Diagnosis of ADVT is based on
clinical signs and symptoms in conjunction with anatomi-

TABLE 2
99mTc-Apcitide Studies with False-Negative Findings in
Patients with Proven Acute Deep Vein Thrombosis

Time after tracer
Patient injection (min)
no. 10 60 120 Together*

Thrombus
aget (d)

Thrombus
location

Calf

Calf

Calf

Knee

Calf + knee
Calf

Calf + knee
Calf

Calf + knee
Calf + knee

+

I+
o+ +

o+ +

©CONOO DA WN =
AHDODOOEDLDLOW®

10 -
Total

N+
a4+ o+ o+
O+ ++ o+

[« ]

*Three sets of images analyzed together.

1Days from symptom onset to first diagnostic study.

Acute deep vein thrombosis was proven by contrast-enhanced
venography.

+ = findings positive for acute deep vein thrombosis; — = findings
negative for acute deep vein thrombosis.

cally based diagnostic imaging studies such as Doppler
sonography and contrast-enhanced venography. Both proce-
dures provide anatomic information on vascular obstruction,
but neither is specific for the detection and localization of
ADVT—false-positive findings are possible.

Unlike chronic venous thrombi, which have become
organized, acute venous thrombi are involved in a dynamic
process of continued thrombosis and thrombolysis in which
platelets are being incorporated into, and exposed on the
surface of, the thrombus. For this reason, radiolabeled
platelets have been investigated for imaging thrombi in vivo
(17-20). However, although radiolabeled platelets are incor-
porated into acute thrombi, the long blood-pool clearance
time of platelets that are not bound to thrombi results in poor
target-to-background ratios until long after administration of
the radiolabeled platelets. A radionuclide imaging agent that
binds to platelets being incorporated into an active thrombus
but that, if not bound, clears rapidly from the blood would
have great potential for ADVT detection.

Platelets express the cell surface GP IIb/IIla receptors.
Only when a platelet is activated do its GP IIb/IIla receptors
undergo the conformational change that makes them avail-
able for binding fibrinogen. Cross-linkage of activated
platelets by the bivalent fibrinogen molecule to form a
hemostatic plug is the primary event of thrombosis. An
imaging agent, ideally radiolabeled with *™Tc and capable
of binding avidly and specifically to the GP IIb/IIla receptor
on activated platelets, would provide images of active or
acute venous thrombosis. The tripeptide sequence arginyl-
glycyl-aspartic acid participates in the binding of fibrinogen
to the GP IIb/Il1a receptor (21, 22). Small synthetic peptides
or peptidomimetics that contain this sequence or a structure
that mimics this sequence bind to the GP IIb/IIla receptor
and, at sufficiently high concentrations, inhibit platelet
aggregation. The active binding region of apcitide is an
analog of the arginyl-glycyl-aspartic acid sequence present
in fibrinogen. Studies have shown that %™Tc-apcitide binds
to thrombi by attaching to GP IIb/Illa receptors on activated
platelets (23,24).

The results of this study confirm that *™Tc-apcitide
scintigraphy is highly accurate in detecting ADVT, even in
patients receiving heparin therapy. This study also shows
that the accuracy of %™Tc-apcitide scintigraphy can be
increased when at least two sets of images are obtained at
different times after tracer injection. Having two sets allows
use of a larger number of interpretation criteria for the
presence of ADVT: the asymmetry of increased %™Tc-
apcitide uptake in the deep veins should be seen during two
or more imaging sessions, and early asymmetric radiotracer
uptake should persist or enhance on delayed images. There-
fore, the use of at least two sets of ®™Tc-apcitide images
allows not only spatial criteria on the location of increased
uptake but also temporal criteria on changes in uptake at
different times. Ideally, the first set of images should be
obtained early after 9"Tc-apcitide administration. These
early images serve as a reference for the location of deep
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veins in the lower extremities. Comparison of delayed
images with early images allows better evaluation of the
evolution of the increased deep venous uptake and, there-
fore, better diagnosis of ADVT. In this study, although the
99mTc-apcitide images obtained at 120 min were the set with
the best diagnostic accuracy, analysis of the three sets
together resulted in even better accuracy. No statistically
significant difference was seen between the results of
analyzing the 10- and 60-min, 10- and 120-min and 60- and
120-min images in combination. Therefore, use of at least
two sets of images—an initial set obtained early after the
injection and a second set obtained 60-120 min later—
produces the highest accuracy for ¥™Tc-apcitide scintigra-
phy in detection of ADVT.

CONCLUSION

99mTc-apcitide scintigraphy is highly accurate in the
noninvasive detection of ADVT, especially thrombosis in-
volving the deep veins of the calf. Although images obtained
2 h after tracer injection show the greatest overall accuracy
in comparison with earlier images, combined analysis of
image sets from at least two time points provides greater
accuracy in the detection of ADVT.
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