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Diagnosis of Deep-Vein Thrombosis

with Sodium Pertechnetate
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Sodium pertechnetate was used to image venous thrombosis in the legs
of 20 patients with clinical signs of deep-vein thrombosis. The rate-of-
uptake ratios and the activity ratios at 3 min and 4 hr after the injection
were calculated. Venography was used as a standard. Discrimination, as
well as agreement with venography, was highest for the ratios obtained
4 hr after injection, in which case there were ten patients with a pathologic
activity ratio and with venographic signs of thrombosis in the leg with
increased uptake. There were six with a normal activity ratio and no
venographic signs of thrombosis, but one patient had a normal ratio and
abnormal venography,
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Sodium pertechnetate has been shown to localize
in infarcted cerebral tissue ( 1 ). In the present study
we tested the hypothesis that this substance could
also show increased uptake in the distribution area
of thrombosed peripheral veins. The tracer was used
in patients with clinical findings suggestive of deep-
venous thrombosis in the legs and the results were
compared with those obtained by radiographie ve
nography.

MATERIALS AND METHODS

Twenty patients were studied. As a rule, the scin-
tigraphic investigation was performed 5 days after
the onset of symptoms and was followed by venog
raphy during the ensuing 5 days.

All patients were studied scintigraphically with
10 mCi of Na!)9mTcO4and venographically with the

technique described by Nylander (2). The activity in
a volume of 1â€”3ml was injected as a bolus into a
brachial vein with the patient in the supine position.
During the first 3 min after the administration, se
quential scintigrams of the lower legs were recorded
at 20-sec intervals using a high-resolution collimator
(15,000 parallel holes) and a scintillation camera
interfaced to a minicomputer system.* Four hours

later, an anterior view of the lower legs was obtained.
Each single exposure was completed within 15 min
and contained at least 300,000 counts.

The calculation was performed using activity val
ues obtained from regions of interest of a standard
rectangular form, as seen in Fig. 1A. Rates of up
take were defined by (A) the steepness of the ac
tivity-time curve at the point of inflection, and (B)
the amount of activity at 3 min or 4 hr after injec
tion. The rate-of-uptake ratio is the maximal slope
for the involved leg divided by that for the normal
leg.

After correcting for room background in the 4-hr
uptake study, the activity in the leg with clinically
suspected thrombus was divided by the activity in
the corresponding zone in the other leg. Since the
regions were moved laterally over each leg until
maximal count values were obtained, the count rates
thus measured were quite reproducible and inde
pendent of the investigator. The uncertainty of an

Received Oct. 21, 1975; revision accepted June 22, 1976.
For reprints contact: V. Kempi, Dept. of Radiophysics,

Centrallasarettet, S-831 01 Ostersund, Sweden.

1096 JOURNAL OF NUCLEAR MEDICINE



PRELIMINARY NOTE

FIG. 1. (A) Venous thrombus in left leg. Moderate activity ra
tio = 1.62. (B) Image of same patient in third 20-sec interval. In
creased, and more rapid, uptake of radioactivity is seen in leg
with thrombus. (C) Timeâ€”activity curves representing early uptake

in lower legs of same patient during first 3 min after administra
tion. Vertical bars indicate uptake of activity in leg with thrombus;
dots, in leg without thrombus. Vertical scale in units of 800 cpm.
Rate-of-uptake ratio was 2.5. Activity ratio at 3 min was 2.1.

TABLE 1. DATA FOR20 CASES WITH CLINICALLY SUSPECTEDTHROMBOSISActivity

ratioSex

AgeF

92F
83F
40F
70F
56F
74F
57F
65f
73F
83M
56M
80M
62M
76M
59M
76M
72M
63M
39M

69Rate-of-uptake

ratio1.11.90.401.12.12.01.31.30.951.11.91.22.51.6Not

performed1.72.21.11.9M3

min after
injection1.21.60.761.01.9M1.00.901.11.2IX)1.32.11.11.61.11.21.21.54

hr after
injection1.221.781.531.182.641.831.051.041.111.211.511.181.620.981.451.661.071.130.871.25VenogrophyPos.Pos.Pos.Pos.Pos.Neg.Neg.Neg.Neg.Neg.Pos.Pos.Pos.Pos.Pos.Pos.Neg.Neg.Neg.Neg.MainlocationCalfEntireCalfCalfCalfCalfThighEntireThighCalfEntireofthrombusleglegleg

activity value due to lateral positioning of the region
of interest was small compared with the random
error (s.d.). The activity ratios were considered ab
normal if they exceeded 1.15, while values between
0.87 and 1.15 were considered normal. Pathologic
differences are not always visible in a scintigram;
hence the need for a digital system.

Due to good counting statistics the standard de
viation of the ratio never exceeded 0.01.

RESULTS
Table 1 lists the rate-of-uptake ratios and the

activity ratios at 3 min after injection, as well as the

ratios for the 4-hr uptake study. Generally there is
more rapid accumulation in the thrombosed leg, espe
cially when the entire leg is involved. Figure 1 illus
trates a case with a thrombus in the left leg. For this
patient the activity ratio is moderate. Figures IB and
1C show faster and earlier increased uptake of radio
activity in the thrombosed leg of the same patient.

Table 2 gives the results of the 4-hr uptake study
compared with those obtained with venography, and
shows that ten patients with abnormal activity ratios
had venographic evidence of thrombosis. In this
group the ratios ranged from 1.18 to 2.64. The range
was 0.87-1.13 in the group of six patients with nor-
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TABLE 2.CORRELATION OFACTIVITYRATIOWITH
VENOGRAPHY (FIGURES GIVENUMBERSActivity

ratio>1.15<1.15TotalOF

PATIENTS)VenographyPostive

Negative10

31
611

9Total13720

mal activity ratios and without venographic signs of
thrombosis. There were three patients who had no
venographic evidence of thrombosis but activity ra
tios that ranged from 1.21 to 1.83. Finally, there was
one patient with an activity ratio of 0.98 in whom
venography revealed a thrombus.

DISCUSSION

This work was undertaken to evaluate the influ
ence, if any, on the activity ratio of significant
amounts of sodium pertechnetate present as impuri
ties in 9!ln'Tc-labeIed streptokinase (3). For prac

tical reasons, therefore, only the lower legs were
viewed. The results suggest that sodium pertechne
tate tends to localize in the distribution area of
thrombosed veins.

The study of each patient consisted of two phases:
one concerning accumulation during the first 3 min
after injection, the other measuring uptake at 4 hr.
When the rate-of-uptake ratio was 1.2 or greater,
it was considered pathologic. This was the case in
seven of the ten patients with a venographically
proven thrombus. The activity ratio 3 min after in
jection was considered pathologic if it was 1.2 or
greater. This was the case in six of ten patients. In
only five patients were both parameters pathologic
and consistent with the detection of thrombosis. Di
lated vessels and passive venous congestion may be
factors that contribute to rapid and early increased
uptake of radioactivity in the thrombotic leg. Find
ing increased uptake 4 hr after injection, however,
is an indication of thrombosis superior to the find
ings of faster and early increased uptake. In 16 of
20 patients the results of the scintigraphic study at
4 hr were in agreement with those of venography
(see Table 2). Binomial sampling theory (4) gives
p < 0.05.

The method does not seem to be specific, since
there were three false pathologic results as checked
by venography. This suggests limitations similar to
those of comparable methodsâ€”-fibrinogen tagged
with radioactive iodine, for example, gives increased
uptake in conditions such as healing fractures, hema

tomas, and arthritis (5). Two patients outside the
present study, one with osteitis in the foot and the
other with gangrene in the leg, were also classed as
pathologic when studied with sodium pertechnetate.

There were six patients with normal results for
both scintigraphy and venography. Four of the six
met two of the following clinical criteria indicative
of deep-vein thrombosis: local edema, pain, and
raised skin temperature. This is of interest since the
above-mentioned lack of specificity otherwise would
seem to deny the clinical usefulness of the method.
In only one patient did scintigraphy fail to detect a
thrombus shown by venography to be in the femoral
vein; this was probably because in this series only the
lower legs were viewed.

In the group of patients judged normal both by
activity ratio and venography, the mean activity ra
tio was 1.04 and was thus slightly increased, pre
sumably due to various nonthrombotic processes in
the leg in which a thrombus was suspected. Alter
natively small thrombi may have been overlooked at
venography in this group as well as in the group with
pathologic uptake and negative venography. How
ever, although there seems to be some risk of over
looking small thrombi in the soleus sinusoids or in
the superficial venous system (6), radiographie
venography is generally regarded as reliable and is
a standard reference method.

Admittedly the number of patients in the present
study is small. If our findings are reproducible in a
larger-scale investigation, however, sodium pertech
netate may find a place in screening for deep-vein
thrombosis.

The solutions to the theoretic problems encoun
tered during the search for ideal agents for radioac
tive detection of thrombi have hitherto been met by
preparing labeled substances from involved constitu
ents in the processes of thrombus formation and
degradation. A successful example in the former
category is fibrinogen labeled with radioactive iodine
(5). Less is known about the clinical value of ex
ponents in the latter category, such as 99mTc-labeled

urokinase (7) and streptokinase (8). The assump
tion underlying the exploration of these substances
seems to be that they specifically participate either in
structuring or dissolving thrombi.

In contrast, sodium pertechnetate is not known
to take part in these processes, and the factors pro
moting activity uptake in an area of thrombosis are
unknown. This uptake cannot reasonably be attrib
uted to properties unique to sodium pertechnetate.
Thus, increased uptake of flflmTc-tripolyphosphate in

the thrombosed leg has recently been reported (9).
Accordingly, it may be pertinent to raise the question
of whether the alleged biochemical specificity of the
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hitherto used radiopharmaceuticals is a prerequisite Use with Binomial Samples. New York, Dept of Medical
in the radioactive demonstration of thrombi.

FOOTNOTE

* Intertechnique, CinÃ©-200.

REFERENCES

/. MOLINARIOF, PIRCHER F, HEYMAN A: Serial brain
scanning using technetium-99m in patients with cerebral
infarction. Neurology 17: 627-636, 1967

2. NYLANDER G: Venography of the lower extremities.
In Angiograpliy, Abrams HL, ed. Boston, Little, Brown,
1971, p 1251

3. PERSSON RBR, KEMPI V: Labeling and testing of
"Tc-streptokinase for the diagnosis of deep vein throm

bosis. ; NucÃ­M ed 16: 474-477, 1975
4. MAINLAND D, HERRERA L, SUTCLIFFE MI: Tables for

Statistics, 1956
5. KAKKARVV: Deep vein thrombosis. Detection and

prevention. Circulation 51: 8-19, 1975
6. NEGUS D, PINTO DJ, LE QUESNE LP, et al.: ""I-

labelled fibrinogen in the diagnosis of deep-vein thrombosis
and its correlation with phlebography. Br J Surg 55: 835-
839, 1968

7. MILLAR WT, SMITH JFB: Localisation of deep-venous
thrombosis using technetium-99m-labelled urokinase. Lancet
2: 695-696, 1974

8. KEMPI V, VAN DER LINDEN W, VON SCHEELEC: Diag
nosis of deep-vein thrombosis with """Tc-streptokinase: A

clinical comparison with phlebography. Br Med J 4: 748-
749, 1974

9. KEMPI V, VANDER LINDEN W, VON SCHEELEC: Up
take of """Tc-tripolyphosphate in thrombotic leg. NucÃ­Med

15: 14-17, 1976

The following titles will appear in the

JOURNAL OF NUCLEAR MEDICINE TECHNOLOGY

Volume 4, Number 4 (December 1976)

Technologist News

Bylaws of the Technologist Section of the Society
of Nuclear Medicine

Guest Comment

Impact of Computed Cranial Tomography on
Radionuclide Brain Imaging and Cisternography

Donald R. Bernier and R. Edward Coleman

Polaroid Film Artifacts
Sue Weiss and James J. Conway

Chromatographie Quality of Three
aomjc Â¿one-Imaging Agents

Michael V. McCormick, Michael D. Sinclair,
and Heinz W. Wahner

Analysis of a Radioisotope Calibrator
Arata Suzuki, Marcia N. Suzuki,

and Arthur M. Weis

Variation in the Thyroid Radioiodine Test:
Effect of Rotation of Technologists

Janet M. Marks, A. Michael Zimmer,
and Edward A. Silverstein

Radioimmunoassay

Measurement of Serum Cardiac Giycoside Levels:
Using Pharmacologie Principles to Solve

Crossreactivity Problems
Thomas J. Persoon

NMT Gadgetry

Computerâ€”Camera Interface
John C. Widman

NMT Case of the Quarter

Artifact in Combined Lung Transmissionâ€”Liver
Emission Scint/phofos
Marc Wojciechowski

Letter to the Editor

NMT Bookshelf

What's New

Calendar

Placement

Subscriptions to the JOURNAL OF NUCLEAR MEDICINE TECHNOLOGY are available at $20.00 in the United
States and $22.00 elsewhere. Please contact Subscription Department, Society of Nuclear Medicine, 475 Park
Avenue South, New York, N.Y. 10016, for further information.

Volume 17, Number 12 1099




