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In previous studies, %®™Tc-recombinant tissue plasminogen acti-
vator (rt-PA) imaging has had a high sensitivity and specificity for
the detection of deep vein thrombosis (DVT). In this technique,
the plasminogen activation site of rt-PA undergoes inactivation
but fibrin binding is retained. Uptake of %*™Tc-rt-PA into DVT
relies on binding of C-terminal lysine residues on fibrin. It is pos-
tulated that as the thrombus ages, fewer fibrin sites are available
for 9°mTc-rt-PA and that there should be a progressive decrease
in 99mMTc-rt-PA uptake in old thrombi as compared with fresh
thrombi. The ability to differentiate fresh from old thrombus would
have significant clinical implications in the objective diagnosis
of recurrent DVT. Our aim was to examine the relative uptake
of 9°mTc-rt-PA in acute DVT over the first 30 d after diagnosis.
Methods: Seventy-four patients with acute symptomatic DVT
were entered into the study. Patients underwent ultrasound
and %°mTc-rt-PA imaging on days 1, 7, and 30. Results: Residual
thrombus was detected by ultrasonography in 46 (84 %) of 55 pa-
tients on day 7 and in 29 (66%) of 44 patients on day 30. Of the
persisting thrombi on day 7, 72% (33/46) showed °™Tc-rt-PA
uptake. Of the persisting thrombi on day 30, 0% (0/29) showed
9mTe-rt-PA uptake. Conclusion: Uptake of 9°™Tc-rt-PA into
DVT was absent 30 d after diagnosis. This finding suggests
that this imaging technique can distinguish fresh from old throm-
bus.

Key Words: hematology; respiratory; vascular; imaging; recom-
binant tissue plasminogen activator; recurrent DVT

J Nucl Med 2007; 48:873-878
DOI: 10.2967/jnumed.106.039396

Deep vein thrombosis (DVT) is a common condition
afflicting 1 person per 1,000 every year (/,2). DVT results
in significant morbidity and mortality in the first 12 mo
related to pulmonary embolism, the emergence of under-
lying conditions such as malignancy, and complications
from the anticoagulant therapy (3). The longer-term conse-
quences of DVT are also a significant burden to the patient
and the community at large. Almost one third of patients
with a first DVT will develop recurrent DVT over an 8- to

Received Dec. 29, 2006; revision accepted Mar. 16, 2007.

For correspondence contact: S. Patrick Butler, MD, Department of Nuclear
Medicine, St. George Hospital, Sydney, New South Wales, Australia, 2217.

E-mail: sp.butler@unsw.edu.au

COPYRIGHT © 2007 by the Society of Nuclear Medicine, Inc.

10-y period despite adequate initial anticoagulant therapy
(3-6). Additionally, postthrombotic symptoms such as swell-
ing, ache, immobility, stasis eczema, and venous ulceration
are relatively common and are moderate or severe in 10%-—
20% of patients (7,8).

Age determination of DVT relies on the historical recall
of symptoms. Unfortunately, patient recollection may be un-
reliable, and whereas ultrasound elasticity may allow differ-
entiation between fresh and organized thrombus, such criteria
have not been well validated (9,70). Once formed, DVT
undergoes several physiologic changes including fibrino-
lytic activation and dissolution, invasion by inflammatory
cells, reepithelialization of the surface of the thrombus in
contact with blood, and fibrosis (/7). Serial imaging after
acute DVT demonstrates residual thrombus in about 50% of
patients at 6-12 mo, and this residual thrombus persists
indefinitely (/3-16). Given that recurrent DVT may be
contralateral in 50% of patients, residual vein thrombus is
thought to be in some way a manifestation of an underlying
prothrombotic tendency.

A possible explanation of why residual thrombus is so
prevalent involves plasma thrombin activatable fibrinolytic
inhibitor (TAFI). Plasma TAFI is incorporated into devel-
oping thrombi and is activated by thrombin. Activated TAFI
enzymatically cleaves the C-terminal lysine residues on par-
tially degraded fibrin with the thrombus, removing binding
sites for plasminogen activators such as tissue plasminogen
activator and rendering the thrombus more resistant to fi-
brinolysis (/7). Elevated plasma TAFI is associated with a
prolonged in vitro clot lysis time for human plasma (/8). In
a model of tissue-factor—induced human plasma clotting,
increased TAFI activation and prolonged clot lysis time
were observed in FII G20210A heterozygotes compared with
plasma controls (/9). A similar pathogenesis has been pro-
posed for the association between vein thrombosis and ele-
vated factor XI (20) and factor V Leiden (21). Associations
between TAFI levels and activity have been found in pa-
tients with DVT (22) and angina pectoris (23), although
these findings are contradicted by other studies and further
investigation is required.

We postulated that the action of TAFI on a newly formed
thrombus will affect the uptake of *™Tc-modified recom-
binant tissue plasminogen activator (**™Tc-rt-PA) into the
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thrombus. *°™Tc-rt-PA imaging has previously been shown
to have a high accuracy in the detection of acute proximal
thrombosis and also distal DVT in both symptomatic and
asymptomatic postarthroplasty patients (24,25). Before radio-
labeling with ?°™Tc, the plasminogen activation site of
rt-PA is inhibited with minimal effect on the fibrin-binding
site. In this way, uptake of this tracer into a thrombus is due
to binding of fibrin within the thrombus. We propose that
a newly formed thrombus will be *°™Tc-rt-PA—avid. With
aging of the thrombus, and TAFI-mediated cleavage of bind-
ing sites for rt-PA on fibrin within the thrombus, persistent
thrombi will not take up this radiotracer and will become
99mTe-rt-PA—cold.

We therefore performed a study to investigate the uptake
of ?°mTc-rt-PA in thrombi involving the deep veins of the
legs over the first 4 wk after diagnosis of acute DVT. Serial
imaging of *°™Tc-rt-PA was correlated with serial compres-
sion ultrasound mapping of residual thrombi. The results
of the study indeed suggest that imaging with °™Tc-rt-PA
does detect fresh thrombi and therefore may provide an
easy imaging technique for differentiating new from old
thrombi. This finding may have a practical clinical indica-
tion in the diagnosis of recurrent ipsilateral DVT.

MATERIALS AND METHODS

Patients

Patients referred to the Haematology Department at St. George
Hospital, Sydney, over a 2-y period for investigation and man-
agement of acute symptomatic DVT were recruited to the study.
Patients were eligible if they had had symptoms attributed to DVT
for less than 7 d, a positive compression ultrasound confirming
DVT in the lower legs, and no past history of documented DVT in
the ipsilateral leg. The protocol scanning requirements limited
recruitment of patients to those presenting on Mondays to Thurs-
days inclusively. Of 400 eligible cases of DVT presenting for
assessment during this period, 74 patients participated in the study.
The Ethics Committee of South Eastern Sydney Area Health Ser-
vice approved the study, and all participants gave written informed
consent.

All patients presenting with DVT were treated in a standard
fashion initially with enoxaparin 1.5 mg/kg once daily or 1 mg/kg
twice daily by subcutaneous injection. Warfarin was commenced
after 24-48 h of enoxaparin therapy, and enoxaparin was contin-
ued for a minimum of 5 d, with at least 2 consecutive days of ther-
apeutic INR (International Normalised Ratio). Most patients were
treated as outpatients by one of the authors.

Study Design

Patients consenting to the study underwent *°™Tc-rt-PA scan-
ning within 24 h. The day of their initial *™Tc-rt-PA scan was
called day 1 of the study. The radionuclide scan was reported in
real time with reference to the diagnostic compression ultraso-
nography report and films. After initial **™Tc-rt-PA scanning, the
patients were separated into 2 groups.

The first group (n = 55) consisted of patients positive for *™Tc-
rt-PA uptake into the thrombus on day 1. These patients underwent
further *°™Tc-rt-PA scanning and compression ultrasonography on
days 7 and 30. The results of compression ultrasonography were
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reported in real time in a standard fashion with reference to previous
scans. 2°"Tc-rt-PA scans were reported without knowledge of the
previous scan results or ultrasound results.

The second group of patients (n = 19) had apparent confirmed
DVT by ultrasonography but no **™Tc-rt-PA uptake into the throm-
bus and did not proceed with the study. Contrast venography was
performed on 13 patients within 24 h of the *™Tc-rt-PA scan. Of
the other patients, 2 refused and 3 were unable to undergo contrast
venography. On careful questioning of the remaining patient, the
onset of symptoms attributable to DVT had occurred at least 4 wk
previously.

Venography excluded DVT in 11 of 13 patients, all with ap-
parent tibioperoneal DVT. These patients ceased receiving anti-
coagulation treatment, and during 3 mo of follow-up none had
experienced symptoms of vein thrombosis. Contrast venography
found DVT in 2 of 13 patients, in the tibioperoneal trunk. In the
first patient, a filling defect approximately 10 cm long was dem-
onstrated in a solitary peroneal vein by ultrasonography and ve-
nography. In the second patient, a similarly sized filling defect was
demonstrated in a peroneal vein extending into the popliteal vein
by ultrasonography and venography. These 2 patients continued
receiving anticoagulation treatment.

Radionuclide Scanning

Preparation of *™Tc-rt-PA, scanning, and scan interpretation
were performed according to previously described methods (24,25).
Briefly, 1 GBq of ®*™Tc in 2.5 mL of normal saline was added to a
lyophilized kit and incubated for 10 min. *°™Tc-rt-PA (600 MBq)
was administered by bolus injection into an antecubital fossa vein.
Four hours later, imaging over the anterior thighs and posterior
calves was performed using a Millennium y-camera (GE Health-
care). Images were viewed on a video monitor using an interactive
gray-scale threshold. The criteria for positive uptake were as fol-
lows: In the proximal vein, increased tracer accumulation in com-
parison with the opposite side such that the increase was equal to
or greater than the adjacent bone marrow accumulation; in the calf
veins, increased tracer accumulation in the deep veins in compar-
ison with the opposite side; in the tibioperoneal trunk, increased
tracer accumulation in comparison with the opposite side in a
patient with coexisting calf or femoral thrombosis.

Representative scans of a normal study and of a study positive
for °mTc-rt-PA uptake are shown in Figures 1 and 2.

Compression Ultrasound

Ultrasonography was performed using a high-resolution 5-7.5
linear array transducer, with the course of the deep veins being
evaluated for compressibility at various intervals from the groin to
the ankle. Initial ultrasonography classified DVT as involving either
the calf muscle vein, tibioperoneal trunk, or proximal veins (the
trifurcation of the calf veins, popliteal vein, or more proximal veins.)
All examinations on days 7 and 30 were performed at St. George
Hospital and were directed toward the site of previous abnormality,
with anatomic mapping of the extent of residual thrombus. Pa-
tients were classified by ultrasonography as having residual DVT
(unchanged or persistent thrombus in previously involved seg-
ments) or having no residual thrombus (recanalized previously
involved segments).

Contrast Venography

Contrast venography was performed according to standard meth-
odology (26). Nonionic contrast material (50-100 mL) was in-
jected into a dorsal foot vein of the limb suspected of DVT, after
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FIGURE 1. 99mTc-rt-PA scan of normal anterior thighs (A) and
posterior calves (B). Bone marrow accumulation in proximal
femora is usually seen.

the placement of tourniquets at the ankle and the calf. Additional
views were taken as needed.

RESULTS

Study Population

The study population comprised 74 patients referred to
the Haematology Department with acute symptomatic DVT
(41 women and 33 men; mean age, 56 y). The location of
the thrombus on day 1 ultrasonography was the calf muscle
vein in 9 patients, tibioperoneal trunk in 30 patients, and
proximal vein in 35 patients. The results of the imaging
studies for the 74 patients are detailed in Figure 3. Fifty-
five patients with DVT found on ultrasonography (31 prox-
imal, 15 tibioperoneal trunk, 9 calf muscle) had scans
positive for °MTc-rt-PA uptake on day 1 and proceeded
with the study protocol. All 55 patients underwent day 7
imaging studies, and 44 patients (8 calf muscle, 12 tibiopero-

FIGURE 2. 99mTc-rt-PA scan of anterior thighs (A) and pos-
terior calves (B) in a patient with extensive DVT involving calf,
tibioperoneal, and proximal veins.

Day 1
99MT¢ rt-PA scan
74 patients with acute symptomatic DVT

35 proximal
30 tibio/peroneal
9 calf muscle
|
v v
rt-PA scan positive rt-PA scan
n=55 negative
31 proximal n=19
15 tibio/peroneal 4 proximal
9 calf muscle 15 tibio/peroneal
13 had contrast venography 6 had no contrast venography
+—‘_+ M v
11 negative 2 positive 2 refused 1 patient, on
venography careful
¢ ¢ questioning,
11 tibio/ 2 tibio/ v revealed
peroneal peroneal 3 with poor symptoEwsldwere 4
wk 0

Vvenous access

FIGURE 3. Results of imaging on day 1.

neal, 24 proximal DVT) completed the day 30 imaging
studies (Figs. 4 and 5).

Three patients deteriorated clinically between days 7 and
30 and were unable to complete the protocol, and a further
8 patients either refused or were unable to undergo imaging
studies.

Sequential Ultrasound and Radionuclide Imaging

Serial ultrasound showed persistent thrombi in 46 (84%)
of 55 patients on day 7 and in 29 (66%) of 44 of patients on
day 30. Of the persisting thrombi on day 7, 33 (72%) of 46
showed *°™Tc-rt-PA uptake. Of the persisting thrombi on
day 30, 0 (0%) of 29 showed **™Tc-rt-PA uptake.

Day 7
55 patients with CUS and ™ Tc rt-PA scans
31 proximal
15 tibio/peroneal
9 calf muscle
Residual DVT Residual DVT No residual DVT No residual DVT
rt-PA positive rnt-PA negative t-PA negative rt-PA positive
n=233 n=13 n=9 n=0
20 proximal 8 proximal 3 proximal
8 tibio/peroneal 5 tibio/peroneal 2 tibio/peroneal
5 calf muscle 4 calf muscle
No day 30 No day 30 No day 30
imaging imaging imaging
n=9 n=1 n=0
6 proximal 1 proximal
2 tibio/peroneal
1 calf muscle

FIGURE 4. Results of imaging on day 7. CUS = carotid ultra-
sound examination.
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Day 30
44 patients with CUS and *™Tc rt-PA scans
24 proximal
12 tibio/peroneal
8 calf muscle

I A —

Residual DVT Residual DVT No residual DVT No residual DVT
rt-PA positive rt-PA negative rt-PA negative n-PA positive
n=0 n=29 n=14 n=1

17 proximal 7 proximal 1 calf muscle
11 tibio/peroneal 1 tibio/peroneal
1 calf muscle 6 calf muscle

FIGURE 5. Results of imaging on day 30. CUS = carotid ul-
trasound examination.

Serial ultrasound showed that 17 patients recanalized their
DVT during the study. In all but 1 patient, serial *™Tc-rt-
PA scanning showed no uptake at the site of the original
thrombus. In this 1 patient, the DVT was localized to the
calf veins on days 1 and 7, with normal ultrasound findings
on day 30. %°™Tc-rt-PA was positive on days 1, 7, and 30.
Contrast venography was not performed, and the patient
remained asymptomatic on anticoagulant therapy. Repre-
sentative scans of sequential imaging performed on patients
with proximal vein thrombosis and a calf vein thrombosis
are shown in Figures 6 and 7.

DISCUSSION

Radionuclide scanning with ®™Tc-rt-PA is a novel tech-
nique in which the plasminogen activation site of rt-PA is
inactivated, leaving the fibrin-binding site unaltered and able
to bind to fibrin in a thrombus. Previous studies by our group
have demonstrated the high sensitivity and specificity of
99mTe_rt-PA scanning for symptomatic and asymptomatic
DVT. In this study, *™Tc-rt-PA uptake into an acute throm-
bus declines with time so that at 30 d, there is no appreciable
uptake into the thrombus.

Many patients with a history of acute DVT present again
after their treatment with new symptoms that may be caused
by a further DVT. Discrimination of recurrent ipsilateral DVT

FIGURE 6. Sequential radionuclide im-
ages obtained on days 1 (A), 7 (B), and 30
(C) in patient with left proximal vein
thrombosis. Day 1 shows marked accu-
mulation of ®°MTc-rt-PA in left proximal
vein, with urinary contamination over
medial left calf being noted. Day 7 scan
shows appreciably less uptake in throm-
bus. Day 30 shows no significant uptake.
Ultrasound was positive for proximal vein
thrombosis on days 1, 7, and 30.
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from postphlebitic symptoms is essential, because recurrent
DVT merits further anticoagulation therapy that may need
to be life-long. An objective determination of the age of
deep vein thrombi is not readily achieved with the currently
available techniques. Ultrasound and venography techniques
have been reported to be able to differentiate between fresh
and organized thrombi, but these methods are difficult to
validate in the clinical setting. A recent study in a porcine
model of inferior vena cava thrombosis found that reduced
thrombus elasticity, as determined by ultrasonography of
gelatin-embedded thrombi, correlated with histologic find-
ings of increased fibroblasts and collagen content during
the first 2 wk after thrombus generation (27).

Confirmation of recurrent ipsilateral DVT by ultrasonog-
raphy requires a new segment of vein incompressibility that
was not present on the initial ultrasound. Prandoni et al.
(13,14) have proposed that serial measurement of proximal
vein diameters during compression can be accurate in di-
agnosing a new thrombosis and provide adequate information
on which to base treatment decisions. To be useful clini-
cally, both approaches require detailed mapping of residual
DVT and serial ultrasonography, which are not routinely
available in many cases. The results of the current study
suggest that uptake of °™Tc-rt-PA into vein thrombi in-
dicates the thrombus is new or young and at least 30 d old.

An extension of the need to differentiate between fresh
and organized thrombi would be the potential to select pa-
tients for thrombolysis. Efficient lysis of thrombi without
damaging venous endothelium or vein valves is limited to a
thrombus age of 7-10 d (28,29).

The pathophysiology underlying the diminished uptake
of ?°mTc-rt-PA in organized thrombi is unknown at this
time. Although it is likely that TAFI cleavage of the rt-PA
binding sites on fibrin is involved in the aging of thrombi,
the exact factors involved are not well understood. In broad
terms, it appears that while the fibrin is still active, there
are adequate binding sites for *™Tc-rt-PA. As the thrombus
ages, the fibrin is not active and there is no binding of
99mTe-rt-PA.

Of considerable interest is the observation that several
patients with positive ultrasound findings did not have
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objective evidence of DVT on contrast venography. Of the
74 patients initially recruited to the study, 19 had scans
negative for ®™Tc-rt-PA uptake, with 13 of the 19 pro-
ceeding to contrast venography to confirm the presence of
DVT. All these patients were considered to have isolated
calf vein thrombosis on carotid ultrasound examination. In
those patients with diagnostic contrast venography, 11 of 13
patients had no evidence of a thrombus in the calf. There
are several reasons for this finding. First, ultrasound has a
specificity of approximately 60%—70% for isolated calf vein
thrombosis, and false-positive cases are expected (30-32).
Second, most of these patients had the ultrasound per-
formed at outside radiology practices. Ultrasound directed
at the calf is technically difficult and may not have been
optimally performed and interpreted. Radionuclide scan-
ning with *™Tc-rt-PA in patients with isolated calf vein
thrombosis has a sensitivity of 86% and a specificity of
93%, and the 2 false-negative cases observed in this study
were in keeping with this reported accuracy.

Our study had some limitations. First, it was a small study
designed only to explore the uptake of “°™Tc-rt-PA into
thrombi during a 30-d period, and the work needs to be
confirmed by other investigators. Second, no commercial
preparation of this tracer is available, and with the wide-
spread availability of ultrasound, the clinical application of
this technique is likely to be limited. Nevertheless, the
possibility of discriminating new from old thrombi would
be clinically useful, and radionuclide scanning with °™Tc-
rt-PA may be helpful.

CONCLUSION

Many patients with a past history of DVT present again
with further complaints of pain and swelling in the limb
that had the DVT. Ultrasound can often detect a thrombus
in the affected limb, but differentiation between a recent
thrombus formation and persisting thrombus is difficult.
Scanning with **™Tc-rt-PA may be able to assist in this
clinical problem because the current study demonstrated
that uptake of °™Tc-rt-PA into DVT is absent 30 d after
diagnosis. This finding suggests that this imaging technique
can distinguish fresh from old thrombus.

FIGURE 7. Sequential radionuclide im-
ages obtained on days 1 (A), 7 (B), and 30
(C) in patient with left calf muscle vein
thrombosis extending to tibioperoneal
trunk. Day 1 shows marked accumulation
of 99mTc-rt-PA in left leg. Day 7 scan
shows appreciably less uptake in throm-
bus. Day 30 shows no significant uptake.
Ultrasound was positive for thrombosis on
days 1, 7, and 30.
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