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We report a method for deep venous thrombosis (DVT) detection
which uses ®*™Tc-labeled modified recombinant tissue plasmino-
gen activator (rt-PA) scintigraphy. A Phase Il clinical trial was
performed on 79 patients with suspected DVT. Methods: The
plasminogen binding site of rt-PA was permanently inhibited without
inactivating the fibrin binding site. The modified molecule was
radiolabeled with ®*™Tc. Scintigraphy was performed and the re-
sults were compared to those of contrast venography. Results: Of
14 thrombosed proximal segments, 13 had positive scans; in the 53
nonthrombosed proximal segments, 49 had negative scans. In
proximal vein thrombosis, rt-PA scintigraphy had a sensitivity of
93% and a specificity of 92%. Of the 36 thrombosed calf vein
segments, 31 had positive scans; in the 30 nonthrombosed calf
segments, 28 had negative scans. In calf vein thrombosis, scanning
has a sensitivity of 86% and a specificity of 93%. Conclusion:
Scintigraphic scanning with this ®*"Tc modified rt-PA permits
accurate detection of thrombus in both proximal and calf veins in
patients with clinically suspected DVT. The technique detects both
fresh and aged thrombi and is unaffected by heparin administration.
Further study in other patient groups is needed to define the overall
clinical utility.
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Deep venous thrombosis (DVT) is a major disease in Austra-
lia. While DVT does not directly cause death itself, its major
complication of pulmonary embolism (PE) is a lethal condition.
In the United States, 5 million people will have an episode of
DVT each year; approximately 10% of these patients will
develop PE and about 10% of them will die as a direct
consequence of PE (/). Despite clinical awareness of this
problem, DVT and PE are underdiagnosed, with only 16%-—
38% of patients dying from PE correctly diagnosed before death
(2). Furthermore, over the last 40 yr there has been a lack of
improvement in the diagnostic capabilities to detect PE (3).
For the past two decades, standard diagnostic tools to detect
DVT have been unreliable (4,5). Consequently, there has been
considerable effort to devise an optimal technique for the
accurate diagnosis of DVT. Presently, contrast venography is
the reference technique to which all other thrombus detecting
tests must be compared. It is, nevertheless, expensive, invasive,
painful (6), thrombogenic (7) and potentially nephrotoxic (8).
In addition, there are some patients in whom venous cannula-
tion is not possible, and technically inadequate studies in up to
10% of patients have been reported (9). Interpretation of
contrast venography requires considerable expertise, and even
in experienced hands there is considerable variability in inter-
pretation, with a reported interobserver variability of 10% (10).
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Venous ultrasonography (US) has recently been advocated as
an alternative to contrast venography (/7). Although this
technique has reported sensitivities and specificities in excess of
90% in detecting proximal vein thrombosis, it is significantly
less successful in identifying isolated calf vein thrombosis (/2).
Because up to 20% of isolated calf vein thromboses propagate
proximally and may further embolize to the lungs (/3,14),
repeat US in negative cases has been proposed (15). In addition,
venous US is technically demanding and time-consuming to
perform. In asymptomatic patients, venous US is significantly
less accurate than in symptomatic patients and cannot be used
as an accurate screening test in high-risk patients (16).

Various radionuclide techniques have been proposed as
possible alternatives to contrast venography (/7). We investi-
gated the clot-localizing properties of radiolabeled recombinant
tissue plasminogen activator (rt-PA) after active site inhibition.

METHODS
Patients

Seventy-nine consecutive inpatients (47 women, 32 men; aged
28-93 yr; mean age 70 yr) with suspected DVT of a lower limb
underwent contrast venography and scintigraphy with ™ Tc-rt-PA.
The mean time between contrast venography and scintigraphy was
20 hr (range; 1 hr to 4 days). Sixty-eight patients could accurately
determine the time of onset of their symptoms. Symptoms (leg pain
and/or leg swelling) occurred on an average of 5.4 days (range
0-42 days) prior to contrast venography. In those patients with
positive contrast venography, 34 patients could accurately date
their symptoms. The average delay was 5 days. All patients gave
informed written consent and the study protocol was approved by
the Legal, Ethics and Morals Committee of The Southern Sydney
Area Health Service. Forty-six patients were receiving intravenous
heparin at the time of scintigraphy. In all patients, contrast
venography was performed before scintigraphy.

Preparation of rt-PA

Fifty milligrams of sterile lyophilized rt-PA was reconstituted
with 10 ml sterile water (5 mg/ml) and dispensed into 500-ul
aliquots and stored at —20°C. Plasminogen site inhibition was
performed using modifications to a previously described method
(18). A two-stage radiolabeling technique was performed using a
modified transchelation technique (/9). Briefly, 2.5 mg rt-PA are
incubated for 4 hr with 69 ul d-phenylalanine-1-proline-1-arginine
chloromethylketone (P-PACK) at 4°C (P.PACK:rt-PA; 15:1 mole
ratio). Forty-eight microliters of a 1:6 dilution of 2-mercaptoetha-
nol:water were mixed with the rt-PA solution for 30 min on a rotor
(2-ME:rt-PA; 2600:1 mole ratio). The mixture was then purified on
a 5 X 1-cm spinning column of P6-DG (Pharmacia, Stockholm,
Sweden) and eluted with 0.05 M acetate buffer (pH 4.5) and
dispensed into freeze-dry vials. Water for irrigation (500 ml) was
purged with pure nitrogen for 30 min. Twenty milligrams of
stannous fluoride (SnF,) were added to the water. Fifty microliters
calcium gluconate (1 g in 10 ml) 500 ul SnF, solution and 500 ul
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20% mannitol were added to the reduced rt-PA. The mixture was
mixed, then snap-frozen on dry ice and freeze-dried. To reconsti-
tute the tracer, 2.5 ml *™Tc in normal saline were added to the
lyophilized rt-PA kit and gently mixed and incubated for 5-10 min.
The radiolabeled **™Tc-rt-PA was now ready for injection. In vitro
assessment of fibrin binding, plasminogen activation and electro-
phoretic mobilty was assessed using previously described tech-
niques (20). Each patient received 1.5 mg rt-PA with an average
activity of 640 MBq (range 460-700 MBq). Instant thin-layer
paper chromatography was performed prior to injection using
ITLC-SG support (Gelman Sciences, Ann Arbor, MI) with normal
saline and acetone as the eluants.

Contrast Venography

We used a standard methodology (2/). Nonionic contrast
(50-100 ml) was injected into the dorsal foot vein of the limb
suspected of DVT after placement of tourniquets at the ankle and
the calf. Anterior, lateral oblique and medial oblique radiographs of
the calf were obtained along with anterior views of the thigh.
Additional views were taken as needed. The criterion for throm-
bosis was the presence of a persistent intraluminal filling defect.
Venograms were viewed by two radiologists who were blinded to
all other test results. If there was disagreement between these two
radiologists, the venogram was referred to a third radiologist.
Venograms were analyzed on a patient-by-patient and segment-by-
segment basis.

Segment-by-Segment. Venograms were divided into two seg-
ments: proximal (involving the popliteal and the femoral vein) or
distal (involving only the calf veins). All segments were classified
as being normal, positive for thrombosis or uninterpretable.

Patient-by-Patient. Patients were assigned to one of four cate-
gories: patients with no thrombosis, those with proximal vein
thrombosis (thrombosis in the femoral or popliteal vein with or
without concurrent calf vein thrombosis), those with isolated calf
vein thrombosis and those whose results were inadequate for
interpretation.

Scintigraphy

Images were obtained with a gamma camera interfaced to a
computer. A high-resolution collimator was used and the data were
acquired in a 256 X 256 format with a 15% asymmetric energy
window centered on the *™Tc photopeak. The radiotracer was
administered by bolus administration into an antecubital fossa vein.
Imaging was performed at 4-hr postinjection. An anterior view of
the thighs and a posterior view of the calves and knees were
obtained. Imaging was performed for 10 min per image with 430K
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FIGURE 1. Normal scintigraphic study
in a patient with normal contrast
venography. (A) Anterior thigh im-
age demonstrating normal uptake
of tracer in bladder, pelvic bones
and femora. Increased femoral uptake
on the right is due to recent total hip
replacement. There is minimal activity in
the femoral veins and no asymmetry in
the activity in these veins. (B) Posterior
calf image demonstrates minimal activity
in the calf veins. The activity in the pop-
liteal veins is prominent due to their su-
perficial location in the popliteal fossa.
counts (s.e.m. * 40K) obtained in the thigh image and 240K counts
(s.e.m. * 25K) in the calf. All scans were viewed by two nuclear
medicine physicians and graded by consensus. The readers were
blinded to the contrast venography results. Images were viewed on
a video monitor using an interactive gray scale threshold. A
representative image of a normal scan is shown in Figure 1. The
positive criteria were as follows:

1. Femoral vein. Increased tracer accumulation in comparison
with the contralateral side so that the increase was equal to or
greater than adjacent bone marrow accumulation.

2. Calf veins. Increased tracer accumulation in the deep veins
compared with the contralateral side.

3. Popliteal vein. Increased tracer accumulation in comparison
with the contralateral side in a patient with co-existing calf or
femoral thrombosis. Representative images of abnormal
scans are shown in Figures 2—-4.

Venography Versus Scintigraphy

After the initial analysis, all venograms and scans that did not
correlate were reviewed in an attempt to understand the limitations
of the scanning technique.

RESULTS

Technetium-99m-rt-PA Preparation

Fibrin binding was in excess of 50%. No plasminogen
activation could be detected and **™Tc-rt-PA demonstrated
identical electrophoretic mobility as unlabeled rt-PA. Autora-
diography, however, demonstrated that greater than 90% of the
9mTc was associated with the rt-PA. Instant thin-layer chro-
matography with saline demonstrated that greater than 97% of
the ™Tc was bound to rt-PA with less than 3% as *™Tc-
gluconate or 99mTc-mannitol; in the acetone solvent system,
less than 1% free TcO4 was seen.

Contrast Venography

Segment-by-Segment Analysis. In the proximal vein segment,
67 segments were of diagnostic quality; 12 segments were
excluded from the analysis. Thromboses were seen in 14
segments. In the calf veins, 66 segments were evaluable with 36
thromboses identified.

Patient-by-Patient Analysis. In this analysis, 66 patients had
venograms of diagnostic quality, with 13 venograms considered
to be inadequate for interpretation. Fourteen patients had
proximal vein thrombosis (thrombosis in the femoral or popli-
teal vein with or without concurrent calf vein thrombosis), 25
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FIGURE 2. Abnormal scintigraphic study
in a patient with positive CV in proximal
and calf veins. (A) Anterior thigh image
demonstrating marked asymmetry of ac-
tivity in left femoral vein. (B) Posterior calf
image demonstrates marked asymmetry
of activity in left calf veins extending into
popliteal vein. (C) Contrast venography
demonstrates thrombosis involving the
left femoral vein. (D) Contrast venography
demonstrates thrombosis involving the
left calf veins.

had isolated calf vein thrombosis and 27 patients had normal

venograms.
Scintigraphy

All scans were of diagnostic quality.

Segment-by-Segment Analysis. Of the 14 thrombosed proxi-
mal segments, 13 had positive scans; in the 53 nonthrombosed
proximal segments, there were 49 negative scans. One throm-
bosed proximal segment had a negative scan; four nonthrom-
bosed proximal segments had positive scans. Thus, in proximal
vein thrombosis, scintigraphy had a sensitivity of 93% and a
specificity of 92%. Of the 36 thrombosed calf vein segments, 31
had positive scans; in the 30 nonthrombosed calf segments, 28
had negative scans. Five thrombosed calf vein segments had
negative scans; two nonthrombosed calf vein segments had
positive scans. For calf vein thrombosis, scintigraphy had a
sensitivity of 86% and a specificity of 93%.

Patient-by-Patient Analysis. Of the 14 patients with proximal
vein thrombosis, 13 had positive scans in the femoral vein,
popliteal vein or both. Of the 52 patients without proximal vein
thrombosis, 48 patients had negative scans. In the four patients
without thrombosed proximal veins with positive scans, three
had thrombosed calf veins with scans called positive in the calf
and popliteal veins. Overall, scintigraphy had a sensitivity of
93% and a specificity of 92% in patients with proximal vein
thrombosis. Of the 25 patients with isolated calf vein thrombo-
sis, 20 had positive scans in the calf veins. Of the 27 patients
with normal contrast venography, 25 had negative scans. The
sensitivity and specificity were 80% and 93%, respectively, in
these patients.

Venography versus Scintigraphy

One patient had a definite proximal vein thrombosis that was
not identified scintigraphically 22 hr after contrast venography.
The patient had undergone total hip replacement and 4 days
after the operation complained of calf pain. Venography dem-
onstrated a 5-cm nonocclusive thrombus in the midportion of
the femoral vein with no proximal or distal extension. Four
patients with positive scintigrams had no proximal vein throm-

FIGURE 3. Abnormal scintigraphic study
in a patient with positive contrast venog-
raphy in proximal and calf veins. (A) An-
terior thigh image demonstrates marked
asymmetry of activity in right femoral
vein. (B) Posterior calf image demon-
strates marked asymmetry of activity in
right calf veins extending into popliteal
vein. (C) Contrast venography demon-
strates thrombosis involving the right
femoral vein. (D) Contrast venography
demonstrates thrombosis involving the
right calf veins.
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bosis on the venograms. In three of these patients, scanning
(performed at 25, 21 and 56 hr after contrast venography) and
venography demonstrated calf vein thrombosis. The scinti-
grams, however, suggested extension of the thrombosis into the
popliteal vein. In the remaining patient, the venogram demon-
strated an extrinsic compression of the iliac vein with no
thrombosis, but the scintigram (obtained 22 hr later) was
positive for proximal thrombus. CT scanning demonstrated a
pelvic mass subsequently diagnosed as non-Hodgkin’s lym-
phoma. CT scanning also demonstrated that the femoral vein on
the side of the lesion was significantly dilated in comparison
with the other side. Five patients with calf vein thrombosis had
a thrombus on the venogram, but the scintigrams were negative
24 hr later. Review of the venograms showed definite thrombus
in three patients; in the two remaining patients, the reviewers
could not unanimously agree as to the presence or absence of
thrombosis. In the two patients with negative venograms and
positive scintigrams, one patient was definitely negative for
DVT and the other patient was retrospectively graded as
equivocal.

DISCUSSION

One of the initial steps in the formation of a thrombus is the
conversion of fibrinogen to fibrin. Fibrin rapidly polymerizes
and then provides a network for platelet adhesion. The conver-
sion of fibrinogen to fibrin has been well described. Moreover,
there is little fibrin present in the circulation. It thus represents
an ideal target for a radiotracer and several studies using
radiolabeled monoclonal antibodies directed against fibrin have
been published (22).

Tissue plasminogen activator is a naturally occurring serine
protease enzyme that is intimately involved in vascular ho-
meostasis (23). This enzyme is produced in the vascular
endothelium and continuously released into the circulation.
Recently, a recombinant DNA t-PA (rt-PA) was produced and
is available commercially (24). The enzyme has at least two
functional sites: a fibrin binding site(s) and a catalytic site that
are responsible for the conversion of plasminogen to plasmin.
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FIGURE 4. Abnormal scintigraphic study in patient with isolated calf vein
thrombosis on contrast venography. (A) Posterior calf image demonstrates

marked of activity in right calf veins. (B) Contrast venography
demonstrates thrombosis involving the right calf.

The rt-PA binds directly to fibrin and the resultant conforma-
tional change induces a large increase in its plasminogen
catalytic activity. Thus, this thrombolytic agent is said to be
fibrin-selective as compared to other agents such as streptoki-
nase (25). As with other serine protease enzymes, the plasmin-
ogen catalytic site can be permanently inhibited (/8). After
such inhibition, the molecule predictably would bind to fibrin
and not induce clot lysis.

Previous studies in animals have demonstrated that this
approach to thrombus localization may be successful (20,26).
The present study demonstrates that this approach is a highly
specific and sensitive method of thrombus detection in humans.
In addition, the technique is simple, utilizing a kit preparation of
the radiopharmaceutical labeled with *™Tc. Performance of the
scan itself is uncomplicated; only 20 min of imaging time are
required. Because the rt-PA is a human-derived molecule,
allergic reactions should be rare.

Importantly, this technique permits detection of thrombi of
varying ages. Sixty-eight of the 79 patients with thrombosis
were able to estimate the time between their first symptoms and
venography. The mean age of the thrombi was 5.4 days.
Furthermore, scanning accuracy does not appear to be affected
by simultaneous heparin administration, since 36 of the 38
patients with thrombosis were on intravenous heparin adminis-
tration at the time of scintigraphy.

The interpretation criteria used here were based on a Phase II
clinical trial of 20 patients with DVT on contrast venography
(unpublished data). These patients were scanned at various time
points up to 6 hr postinjection, with 4 hr being the most suitable
imaging time. Technetium-99m-rt-PA clears rapidly from the
circulation biexponentially. The initial and terminal compo-
nents have half-times 5-6 and 120-130 min, respectively
(unpublished data). At 4 hr, approximately 10% of the initial
blood activity still persists. Thus, even at 4 hr, there is some
residual blood-pool activity, which explains how a dilated vein
with its increased blood volume may be mistaken for thrombo-
sis. Interpretation criteria were decided before the current trial
commenced and were applied prospectively. These criteria do
not permit detection of a thrombus confined only to the
popliteal vein or bilateral thromboses. Isolated popliteal vein
thrombosis with no involvement either proximally or distally, is
a rare clinical entity. In our group of patients, no patient had
isolated popliteal vein thrombosis. Bilateral thromboses are
more common but are still rare. No patient in this group was
suspected of bilateral DVT and contrast venography was only
performed on the symptomatic side. No false-negative **™Tc-
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rt-PA scans occurred due to these limitations in interpretative
criteria.

Scanning with ®™Tc-rt-PA demonstrated marked bone mar-
row accumulation of tracer. This may be due to an intrinsic
property of the tracer, to colloid formation or both. Gel
electrophoresis with autoradiography did not show any colloid
formation and there was no a priori reason to suggest tracer
susceptibility to colloid formation. Previous work with '''In-
labeled rt-PA also demonstrated bone marrow accumulation,
indicating that such uptake is probably characteristic of the
tracer itself.

In all patients, contrast venography was performed before
99mTc-rt-PA scanning. This was due to the logistics of patient
recruitment. From this study, we cannot ascertain whether
tracer uptake was affected by previous contrast administration.
In another study (27), the order of the tests was reversed and no
change in the accuracy of *™Tc-rt-PA was seen.

The present study also demonstrates the problems of using
venography as the reference test. As is well known, contrast
venography is a difficult technique to perform and interpret.
Thirteen patients had venograms that were inadequate for
interpretation. This is somewhat higher than expected and is
thought to be due to two factors. First, as we wished to use these
venograms as a reference tool, very strict interpretative criteria
were applied that may not reflect routine clinical practice.
Second, all the patients were inpatients and probably represent
a difficult group of patients to study.

The solitary patient who had proximal vein thrombosis and a
negative scan, presented following hip replacement with calf
symptoms and had isolated femoral vein thrombosis. Femoral
vein thrombosis not extending to the calf veins is rare and
constitutes 3%—5% of all thrombi arising in the deep veins of
the leg. In the four patients with no proximal vein thrombosis on
venography, three had calf vein thrombosis and the scans
overestimated the extent of the thrombosis as extending into the
popliteal vein. In each patient, scanning was performed after
venography and it is possible that the thrombus had extended
into the popliteal vein in the interval. In the remaining patient,
the femoral vein was dilated in comparison with the contralat-
eral side, thereby causing a false-positive scan interpretation. In
the calf veins, scanning missed three patients with DVT. One
patient had a thrombus in only one major vein of the calf, one
patient had two veins involved and the third had three veins
involved. All three patients had onset of symptoms less than 2
days before contrast venography. Thrombi of similar size were
visualized in other patients and no simple explanation is
available to explain these results.

CONCLUSION

The results of the present study are of comparable accuracy to
compression ultrasound in thrombus detection in the proximal
veins. Ultrasound evaluation of the calf, however, is less
sensitive. Direct evaluation of the calf veins is not possible in
10%—40% of patients (/2), and in the subset of patients in
which a diagnostic examination is possible, the average sensi-
tivity is 80% (11). Calf examination is highly operator-depen-
dent and time-consuming. The well-recognized limitations of
ultrasound evaluation of the calf veins has prompted several
authors to advocate repeat studies to detect proximal extension
of calf vein thrombus (/2,15). While this approach may be
suitable for outpatients, it is difficult to implement in a inpatient
population as few clinicians can wait up to a week for a
diagnosis.

We believe that scintigraphy with Tc-rt-PA is a promising
technique for reliable detection of proximal and calf vein throm-
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bosis in hospital inpatients suspected of deep venous thrombosis.
The technique is simple to perform, is not operator-dependent, is
sensitive to both fresh and aged thrombi and is unaffected by
heparin administration. Further work in other patient groups needs
to be performed to define the overall clinical utility.
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Functional Assessment of Alcapa Syndrome by
Dobutamine Stress Thallium-201 SPECT and

Echocardiography

Abdou Elhendy, Stieneke Zoet-Nugteren, Jan H. Cornel, Paolo M. Fioretti, Ad JJC Bogers, Jos RTC Roelandt, Eric Krenning,

Joyce Postma-Tjoa, Jackie McGhie and Silja EC Spitaels

Thoraxcenter, Department of Cardiology and Cardiac Surgery, and Department of Nuclear Medicine, University Hospital

Rotterdam-Dijkzigt, Rotterdam, The Netherlands

Exercise 2°'TI SPECT has been used as a useful method for the
assessment of patients with anomalous left artery com-
municating to the puimonary artery (ALCAPA syndrome). In this
study, we described an adult patient with this anomaly who was
evaluated by dobutamine stress testing in conjunction with simulta-
neous 2°'TI SPECT and echocardiography before and after surgery.
A large perfusion defect in the anterior wall, septum and apex was
detected on the preoperative stress scan with partial reversibility on
reinjection scan. Worsening of wall motion abnormalities in the
septum and anterior wall was detected by stress echocardiography.
In the studies performed 3 mo and 1 yr after reimplantation of the left
coronary artery in the aorta, a smaller fixed perfusion defect in the
anterior wall and apex was detected without reversibility. No stress-
induced wall motion abnormalities were detected. Despite the
improvement of perfusion, there was no improvement of regional or
global left ventricular function at rest. We report that both dobut-

Received Mar. 21, 1995; revision accepted Jul. 29, 1995.
For correspondence or reprints contact: Silia Spitaels, MD, PhD, Thoraxcenter, Ba
308, Dr Molewaterplein 40, 3015 GD Rotterdam, The Netherlands.

748

THE JoURNAL OF NUCLEAR MEDICINE ¢ Vol. 37 « No. 5

amine 2°'TI SPECT and echocardiography were useful for the
detection of reversible ischemia and for the assessment of the
surgical outcome of an adult patient with ALCAPA syndrome.

Key Words: dobutamine stress echocardiography; thallium-201;
SPECT; ALCAPA syndrome
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ALCAPA (anomalous left coronary artery communicating to
the pulmonary artery) syndrome is a rare congenital anomaly
characterized by an anomalous left coronary artery communi-
cating to the pulmonary artery (/). Most of untreated patients
with this anomaly die during childhood from myocardial
infarction and heart failure. It is rare when patients survive to
adulthood because of the extensive collateralization from the
right coronary artery to the left coronary artery (I,2). The
detection of myocardial ischemia in patients with ALCAPA is
important to identify viable left ventricular (LV) myocardium at
jeopardy of irreversible damage. Therefore, exercise thallium
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