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suggested interstitial lung disease. Probably these two patients
were at special risk of developing interstitial lung disease. Ueda
et al. (30) detected antibodies to hepatitis C virus in 19 of 66
patients (29%) with interstitial lung disease, the incidence being
significantly higher than that in 9464 apparently healthy vol
unteers (346, or 4%, had such antibodies), and they suggested
that hepatitis C virus might be implicated in this lung disease.
If so, there being several patients before IFN therapy with
unusually high Lu/B may be accounted for.

CONCLUSION
Changes in the accumulation of 67Ga-citrate were measured

by calculation of the count per unit size in the ROI. Such
changes could not have been inspected visually. This technique
made numerical evaluation of the accumulation possible, so it
seemed useful for the early diagnosis of interstitial lung disease
caused by IFN and other drugs. Patients given IFN for treatment
ofliver disease had increased uptake ofthe radionuclide in their
lungs, showing an increased immune response that might in
some patients lead to interstitial lung disease.
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accuracy of this new technique in these asymptomatic patents.
Results Eighty-four segments were of diagnostic quality on con
trast venography.Ofthe 15 thrombosed segments, 14 had positive
scans. In the 69 nonthrombosed segments, 63 had negative scans.
Thus, scuntigraphic scanning with @Tc-rt-PAhad a sensitivity of
93% and a specificity of 91 %. Conclusion: This study demon
strated that scintigraphic scanning with modified @Â°1c-rt-PAis
accurate in the detection of DVTin patients undergoing total hip or
total knee arthroplasty.

Key Words technetium-99m; recombinant tissue plasminogen ac
tivator; deep-venous thrombosis

JNuclMedI9O7;3&219.-223

The current noninvasivemethods of deep-venous thrombosis (Dvi)
detection in the asymptomatic patient are sufficiently inaccurate so
as to preclude their routine use. This present study reports the
accuracy of scintigraphicscanning with @Tc-rt-PAin asymptom
atic postoperative patients using contrast venography as the gold
standard. Methods1â€¢Fifty-threeconsecutive postarthroplasty pa
tients (30 ThR, 23 11(R)(16 women, 37 men; mean age 71 yr range
52-85 yt) underwent scintigraphic scanning with @Tc-rt-PAand
contrast venography, on the operated leg, in order to assess the
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Itiswellestablishedthatprophylaxisiseffectiveinpreventing
the formation of postoperative deep-venous thrombosis (DVT)
and pulmonary embolism. Collins et a!. (1) reviewed more than
70 randomized trials in 16,000 patients that assessed the
efficacy of subcutaneous heparin in the prevention of DVT and
pulmonary embolism. That study demonstrated that heparin
prophylaxis prevents the formation of approximately two-thirds
of the cases of DVT and almost half the cases of pulmonary
embolism that would be expected if no prophylaxis was used.
Further, death due to pulmonary embolism was also reduced.
Such prophylaxis is, however, imperfect in that proximal vein
thrombosis still was seen in approximately 15% of patients
despite optima! prophylaxis. In view of this, it has been
proposed to perform routine venography before hospital dis
charge in addition to primary prophylaxis in patients undergo
ing major orthopedic surgery (2).

Ofall the postoperative patients at risk of DVT, the post-total
hip and knee replacement group is particularly prone to DVT.
Clagett et al. (3) reviewed the prevalence of DVT in patients
undergoing total hip replacement in 47 clinical trials involving
more than 2500 patients. Without prophylaxis, the incidence of
DVT was 50%. With various forms of prophylaxis, the inci
dence was seen to vary from 11% with adjusted dose heparin,
to 45% with aspirin. In total knee replacement, the incidence of
DVT without prophylaxis approaches 60% (4) with prophylaxis
being relatively ineffective: 50% DVT incidence in patients
with low-dose subcutaneous heparin prophylaxis (5), 52% with
aspirin prophylaxis (6), 50% with postoperative warfarin pro

phylaxis and 37% with low mole weight heparin prophylaxis
(7).

Contrast venography is the gold standard for detecting DVT
in both symptomatic and asymptomatic high-risk patients (8).
As contrast venography has well-recognized limitations, several
noninvasive diagnostic modalities have been proposed as alter
natives. The pathophysiology of a symptomatic thrombosis is
different than that of an asymptomatic thrombosis in a postop
erative patient (9). The thrombi in these asymptomatic patients
tend to be isolated in the calf veins, nonocclusive and relatively
small. Thus techniques that display a high degree ofaccuracy in
DVT detection in symptomatic patients may not necessarily be
applicable to asymptomatic patients.

A recent Phase III clinical trial (10) of @Tc-labeledmodi
fled recombinant tissue plasminogen activator (99mTc@rt@PA)
has demonstrated a high sensitivity and specificity in DVT
detection in symptomatic patients. This study reports the
accuracy of scintigraphic scanning with 99mTc..rt..pA in asymp
tomatic patients using contrast venography as the gold standard.

MATERIALSAND METhODS

Pa@nts
Fifty-three consecutive inpatients of the St. George Hospital,

Sydney (16 women; 37 men; mean age 71 yr; range 52â€”85yr), who
underwent joint arthroplasty (23 total knee replacements, 30 total
hip replacements), were entered into this study. All patients had no
symptoms of DVT or pulmonary emboli and had an uncomplicated
postoperative course. The patients underwent scintigraphic scan
ning with 99mTcrtpA followed by contrast venography on the
operated leg, usually within a 2-hr period. The studies were
performed before discharge at an average of 7 days from the time
ofoperation (range 6â€”13days). All patients gave informed written
consent and the study protocol had been approved by the Legal,
Ethics and Morals Committee ofthe Southern Sydney Area Health
Service. All patients were receiving subcutaneous prophylactic
heparmn(1 1 standard heparin, 42 low mole weight heparin) when

the studies were performed. All patients wore compression elastic
stockings and were mobilized early after their surgery. In two
patients, the contrast venography was performed after the scinti
graphic scan.

Preparation of RadIOlabeled Tracer
Technetium-99m-pertechnetate (1 GBq) in 2.5 ml normal saline

was added to a prepared kit of modified il-PA as previously
described (10) and incubated for 5 mm prior to injection. Each
patient received 1.5 mg rt-PA with an average activity of 600 MBq
(range 400â€”760MBq). Injection site was in the arm, usually in an
antecubital vein. Instant thin-layer paper chromatography was
performed before injection using ITLC-SG support (Gelman Sci
ences, Ann Arbor, MI) with normal saline and acetone as the
eluents. More than 97% of the activity remained protein bound at
all times.

Contrast Venography
This was performed according to standard methodology (11).

After placement oftourniquets at the ankle and calf, 50â€”100ml of
nonionic contrast was injected into a dorsal foot vein of the
operated limb. Anterior, lateral oblique and medial oblique radio
graphs ofthe calfwere obtained together with anterior views of the

thigh. Additional views were taken as needed. The criterion for
thrombosis was the presence of a persistent intraluminal filling

defect. All the deep veins of the lower extremity needed to be
adequately filled with contrast for the venogram to be considered
interpretable. Venograms were viewed by two radiologists who
were blinded to all other investigations. Venograms were analyzed
on a segment-by-segment basis. Venograms were divided into two
segments: 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 uninterpret
able. Ifthere was a difference ofopinion between both radiologists,
the venogram was classified as being uninterpretable.

Sdntigraphic Imaging
Images were obtained with a Siemens Diacam gamma camera

(Siemens Gammasonics, Hoffman Estates, IL) interfaced with a
Siemens ICON computer (Siemens Gammasonics, Hoffman Es
tates, IL). A high-resolution collimator was used with the data
acquired in 256 x 256 format. The energy window was set from
5% belowto 10% abovethe @Â°â€˜Tcphotopeak.Imagingwas
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 mm per image with 382K counts (s.e.m. Â±
18K) obtained in the thigh image and 187K counts (s.e.m. Â±10k)
in the calf. All scans were viewed by two nuclear medicine
physicians and graded by consensus. The readers were blinded to
the results of contrast venography. Images were viewed on video
monitor using an interactive gray-scale threshold. The positive
criteria were as follows:

1. Femoral vein: increased tracer accumulation in comparison
with the contralateral side.

2. Calf veins: increased tracer accumulation in the deep veins
in comparison 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.

Using these criteria, thrombosis involving the popliteal vein can
only be diagnosed in the setting ofthrombosis involving either calf
veins or proximal veins or both. The popliteal vein is very
superficial when imaged posteriorly and always appears to have
increased tracer accumulation as compared to the adjacent calf
veins. It was considered that minor dilatation of the popliteal vein
induced by knee surgery could result in false-positive results. In
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FiGURE1.@ Anteriorthigh image demonstrating symmetricaltracer accumulation in femoralveins. Uptake of tracer surroundingthe nght total knee
replacementisprominent.(B)PosteÃ±orcalfscandemonstratingmarkedaccumulationoftracerinthe nghtmidcaifregion.Minimaltraceruptakeisseen in
the contralateral calf. (C)Normal contrast venogram of nght femoral vein in same patient. (0) Contrast venograrn of nght calf veins demonstrating thrombosis
invoMngthe deep veins of the calf (arrows).

previous work (10), uptake in the femoral vein was compared to
that of the bone marrow. That was not feasible in this group of
patients, as bone marrow distribution has been altered due to the
recent hip surgery. Uptake of tracer into the bone marrow does not
interfere with scan interpretation as the femoral vein lies medial to
the femur.

Disagreement between Venography and Scanning
After the initial analysis, all venograms and scans that did not

agree were reviewed in an attempt to understand the limitations of

the scanning technique.

RESULTS

Contrast Venography
Eighty-four segments were of diagnostic quality with 22

segments being uninterpretable and excluded from the analysis.
The uninterpretable segments were due to inadequate filling of
the calf veins in 10 segments, inadequate filling of the proximal
veins in 11 segments and disagreement between observers in
one case in the calf veins. Thromboses were seen in 15

segments (1 proximal, 14 distal) and no thrombosis was
identified in 69 segments. In those patients with diagnostic
contrast venography, DVT was detected in 13% of total hip
replacement patients and in 65% of total knee replacement
patients.

Scintigraphic Imaging
All scans were considered to be ofdiagnostic quality. Typical

scans and corresponding contrast venograms are depicted in
Figures 1 and 2. Of the 15 thrombosed segments, 14 had

positive scans; in the 69 nonthrombosed segments, 63 had
negative scans. One thrombosed segment had a negative scan;
6 nonthrombosed segments had positive scans. Thus, scinti
graphic scanning with 99mTc@rt@PAhad a sensitivity of93% and
a specificity of 91%. Twenty-two segments were uninterpret
able on contrast venography. In these segments, 9@Tc-rt-PA
scanning was positive in four segments and negative in 18
segments. The usual reason for the uninterpretable contrast
venograms is inadequate filling ofthe veins. Ifit is assumed that
these venograms are most likely negative for thrombosis, then

FIGURE2. (A)Mtenor thigh image demonstrating symmetticaltracer accumulation in femoral veins. Uptake of tracer surroundingthe @ghttotal knee
replacement and in the bone marrowof the femoralshafts is prominent.(B)Postetlor calf scan demonstratingmarked accumulationof tracer in the nght
m@caffregion. Minimaltracer uptake is seen in the contralateralcaff. (C)Normalcontrast venogram of right femoralvein in same patient. (0) Contrast
venogram of right calf veins demonstrating thrombosis invoMng the deep veins of the calf (arrows).
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9@Tc-rt-PA scanning in these cases was correct in 18 of 22. If
these venograms are included in the analysis, 99mTc@rt@PAhas
a sensitivity of 92% and a specificity of 89% in detecting DVT.

Disagreement between Venography and Scanning
One patient had a positive contrast venogram with a negative

9@'Tc-rt-PA scan. This patient had undergone a total hip
replacement 8 days previously with the contrast venogram
demonstrating a 4- to 5-cm nonocciusive thrombus in the mid
femoral vein with no proximal or distal extension. Six patients
had a negative contrast venogram with positive @Tc-rt-PA
scans. Upon review, three venograms were considered to be
equivocal as there was inadequate filling of the calfveins at the
location of the positive uptake on @Tc-rt-PAscan. In the
remaining three cases, one case showed very mild abnormal
99mTc rt-PA accumulation in the calf and in the other two, no
definite explanation could be found to explain the differences.

DISCUSSION
The numerous techniques that have been developed to detect

postoperative DVT testify to the difficulty of the task and the
limitations of all these modalities. Iodine-125 fibrinogen leg
scanning was originally introduced in the 1970s (12), and initial

studies demonstrated a high accuracy in DVT detection (13â€”
15). Subsequent studies, however, have failed to confirm these
initial studies, and the test is not widely used. Lensing et al. (16)
recently reviewed the accuracy of 1251-flbrinogen leg scanning
in postoperative patients. In six well-designed studies in post
operative orthopedic patients, 2484 legs were examined by both
1251-fibrinogen scanning and contrast venography. Iodine-125-
fibrinogen scanning had a sensitivity of45% and a specificity of
92%, and the authors conclude that this technique has serious
limitations in thrombosis detection in the asymptomatic patient.

Impedance plethysmography, either alone or in combination
with other noninvasive modalities, has been investigated in the
assessment of DVT in the postoperative patient. Cruickshank et
a!. (1 7) demonstrated a sensitivity of 13% and a specificity of
95% with this technique in more than 1000 patients after hip
surgery with other studies confirming their results (18â€”19).

Initial studies of compression ultrasound in DVT detection in
asymptomatic patients demonstrated an acceptable level of
accuracy (20â€”21), but more recent studies have failed to
confirm this initial promise. Comerota et a!. (22) reviewed nine
studies involving over 1000 asymptomatic patients. The sensi
tivity in detecting proximal DVT was 78% while detecting calf
vein thrombosis was only 29%. A more recent study (9) in
patients undergoing hip or knee replacement demonstrated a
sensitivity of 38% and a specificity of 92% in the detection of
proximal vein thrombosis. If calf vein thrombosis was included
in the analysis, the sensitivity dropped to 20%. It has been
concluded that compression ultrasound has marked limitations
in the screening of asymptomatic patients, and its use in these
patients is not recommended (23â€”24).

In this study, @Tc-rt-PAscanning shows a high level of
sensitivity and specificity in the detection ofDVT. In this study,
14 of 15 ofthe thrombi detected on venography were isolated in
the calf veins. This localization is not unusual in this group of
patients and is best explained by the prophylaxis employed in
this patient group and the operations performed (6). All patients
were receiving heparin prophylaxis, and all patients wore
compression elastic stockings. Furthermore, all patients were
mobilized early after their surgery. The only case of DVT
involving the proximal veins was not detected on 9@Tc-rt-PA
scanning, as discussed above. In previous work (10), accuracy

in the detection of proximal DVT was very high.

The clinical significance of postoperative thrombi, particu
larly isolated calf thrombi, is somewhat unclear. It has been
shown that patients with asymptomatic calf thrombi develop

both symptomatic and asymptomatic pulmonary emboli (6) and
that these pulmonary emboli can be fatal (25). From our
knowledge ofsymptomatic calfthrombosis, isolated calf throm
bosis propagates into the popliteal vein and femoral veins in
l2%â€”20%Of casesif left untreated(26â€”28).It has also been
shown in symptomatic patients that if isolated calf vein throm

bosis is left untreated, there is a 29% recurrence rate at 3 mo as
compared to zero recurrence if treated (29). Several authors
consider that treatment of these thrombi is justified in the
majority ofpatients (22); or, ifnot treated, the patient is closely
monitored to detect thrombus propagation (6).

One of the possible limitations of this technique is that
bilateral DVT may be difficult to detect. As asymmetry is the
criterion for a positive scan, bilateral DVT may not be detected.
The true incidence of post operative bilateral DVT is unknown
as it is difficult to perform bilateral contrast venography on
asymptomatic patients. Larger studies will need to be performed
to ascertain if this theoretical limitation has any clinical impli
cations.

This study demonstrates that scintigraphic scanning with
9@Tc-rt-PA is accurate in the detection of DVT in patients
undergoing total hip or knee arthroplasty. This technique may
prove valuable in the monitoring of high-risk patients and also
in the evaluation of prophylaxis trials aimed to prevent DVT
developing.
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plethysmography for the detection ofproximal deep vein thrombosis. Arch Intern Med
I994;l54:1930â€”1933.

19. Paiement G, Wessinger Si, Waltman AC, Hams WH. Surveillance of deep vein
thrombosis in asymptomatic total hip replacement patients. AmJSurg l988;l55:400â€”
404.

20. RaghavendraBN, RosenRi, Lam S. Deep venousthrombosisdetectionby high
resolution real-time ultrasonography. Radiology l984;l52:789â€”793.

21. ApplemanPT,de JongIT, LampmanLE. Deepvenousthrombosisof the leg: U5
findings. Radiology l987;l63:743â€”746.

22. ComerotaAJ, KatzML,HashemiHA.Venousdupleximagingfor the diagnosisof
acute deep venous thrombosis. Haemostasis 1993;23(supp 1):6lâ€”71.

23. JongbloetsLMM, LensingAWA, KoopmanMMW, Buller HR. ten Cate JW.
Limitations of compression ultrasound for the detection of symptomless postoperative
deep venous thrombosis. Lancet l994;343:l 142â€”1144.

24. Wells P, LensingA, DavidsonB, PrinsM, Hirsh I. Accuracyof ultrasoundfor the
diagnosis of deep venous thrombosis in asymptomatic patients after orthopedic
surgery. Ann Intern Med I995;l22:47â€”53.

25. Pellegrini VD, Rancis CW, Harris C, Totterman 5. Embolic complications of calf vein
thrombosis following total hip arthroplasty. J Arthroplasty 1993:8:449â€”457.

26. KakkarVV, HoweCT, FlancC,ClarkeMB. Naturalhistoryofpostoperativedeepvein
thrombosis. Lancet 1969:2:230â€”232.

27. LohrJM,KerrTM,LutterKS,CranleyRD.SpinoffK, Cranleyii. Lowerextremity
calfthrombosis: to treat or not to treat? J Vasc Surg l991;14:618â€”623.

28. MaynardMi, SculcoTP, GhelmanB. Progressionand regressionof deep vein
thrombosis after total knee arthroplasty. Clin Orthop 1991:273:125â€”130.

29. Lagerstedt CI, Ollsson CG, Fagher BO, Oqvist BW, Albrechtsson U. Need for
long-term anticoagulant treatment in symptomatic calf vein thrombosis. Lancet
l985;7:515â€”518.

Experienceofpastdecadeshasestablishedthatradiation
therapy is an effective adjunct to surgery in the treatment of
intracranial tumors (1,2). More recently, stereotactically guided

radiotherapy (radiosurgery) has been used alone and in combi
nation with surgery for aggressive treatment of a variety of
adult and pediatric intracranial malignancies, primary and
metastatic (3,4). Radiosurgery and conventional radiation ther
apy may induce severe parenchymal changes that are clinically
indistinguishable from changes induced by tumor growth (5â€”
8).

CT andMRIaresensitive butnot specific in evaluatingtumor
response to radiation therapy (9). Although even very small
lesions are detected by these imaging modalities, any single
postradiation abnormality on MRI or CT may be viable tumor
or may represent radiation-induced necrosis or gliosis. Since
these alternatives cannot be differentiated by clinical criteria,
tissue biopsy has often been necessary for definitive evaluation
(10).

Because 201Tl, a potassium analog, is taken up by viable
tumor cells but not by necrotic tissue or nonproliferating glial
cells (11 ), brain imaging with this radionuclide has been
introduced as a noninvasive method of improving the specific
ity of CT and MRI. Several reports have shown that if brain
SPECT is performedafter 201Tladministration,the radiotracer
localizes in tumor with a clinically useful target-to-background
ratio, apparently in proportion to the rate of neoplasm cell
growth (9, 1 1, 12). Furthermore, the 201Tl retention has been

reported to be a reliable quantitative parameter for predicting
tumor type and grade (13,14).

This prospective study evaluates the diagnostic accuracy and
prognostic value of 201'fl brain SPECT for irradiated primary
and metastatic intracranial tumors in a large cohort of patients.
Scintigraphic images were evaluated visually and analyzed
quantitatively. Long-term follow-up is available for all patients.

This study prospectivsiy assessed the diagnostic accuracy and
prognostic value of 2o1@fluptake and retention in primary and
metastatic intracranial tumors treated by conventional radiotherapy
and/or radiosurgery. Methods An initial 201fl @y(@@y and
delayed images), was obtained in 60 postsurgical patients, 6-12 wk
after radiotherapy or radiosurgery. Repeat imaging was performed
as clinically warranted. Tumor-to-background count ratios and a
retention index (RI)were calculated for all lesions. Resul@ Abnor
mally increased 20'fl uptake was observed in 40 of 60 patients. In all
patients with positive results, the diagnosis of residual tumor was
confirmed at biopsy or by clinical follow-up. In 20 of 60 patients, no
abnormal 2o1@fluptake was observed, despite findings on CT and/or
MRIscans that were suspicious fortumor. Ten of the negative201fl
studies were confirmed as true-negatives by the clinical course and
by resolution of CT/MRI abnormalities. The remaining 10 negative
SPECTstudies ultimatelyproved to be false-negatives:six of these
patients had lesions <1 cm in maximum diameter one patient had
a large metastatic choriocarcinoma; and three patients had low
grade astrocytomas >2 cm in minimum diameter. Tumor-to-back

ground ratio of 201fl uptake did not distinguish between tumor type,
or predict clinical outcome. The RI of @Â°@T1was significantly higher
for metastatic melanoma than for other tumor metastases. It dam
onstrated reasonably good correlation with clinical outcome: 617
patients with eventual tumor regression showed a decrease in RIon
follow-up examination, arid 4/5 patients with eventual tumor pro
gression had an increase in RI. Conclusion: Thallium-201 brain
SPECT appears to be a useful noninvasive imaging technique in
patients irradiated for intracranial tumors. Thallium-201 scintigraphy
has very high specificity (100% in this cohort) for detecting viable
residual tumor. False-negative findings may occur. Quantitative
analysis of 20111 uptake has limited diagnostic and prognostk@
signfficance, but changes in 201@flretention after radiation therapy
seems to have prognostic value.

Key Words: thallium-201; intracranialtumors; radiationtherapy;
retention index

J Nuci Med 1997;3&223-226

Patients
From November 1993 to November 1995, 60 consecutive

patients with pathologically defined primary and metastatic intra
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