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Materials and Methods

From January 1996 to December 1997, 39 cases who
were clinically diagnosed with DVT were enrolled in this
study. They were 12 men and 27 women, ranging in age

from 24 to 86 years (mean, 61 years). DVT was defi-
nitely diagnosed by color duplex scanning, platelet scin-
tigraphy or both. Color duplex scanning was performed
everyday after admission. Platelet scintigraphy was per-
formed immediately after admission and 6 weeks later.
Clinical symptoms included phlegmasia alba dolens in
15 cases, pain in 20, and leg swelling in 4. In color du-
plex scanning using Toshiba model SSA-340A with 7.5
MHz linear transducer, all veins were examined in the
transverse and longitudinal views, and four vein segments
of common femoral, superficial femoral, poplitial, and
all three calf veins were evaluated prospectively. All sub-
jects gave informed consent for the procedures performed
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Purpose:  We reviewed the usefulness of platelet scintigraphy, in which autologous platelets
labeled with indium-111-oxine reveal thrombotic activity, for evaluating deep vein thrombosis (DVT).
Materials:  During the past 2 years, 39 cases with DVT were enrolled in this study. DVT was
definitely diagnosed by color duplex scanning, platelet scintigraphy or both in all cases. For
semiquantitative analysis, we estimated the ratio of accumulation in the abnormal region to that
in the normal vein on the other side, and defined an abnormal accumulation ratio as over 1.2.
Results:  Abnormal accumulation ratio showing active DVT was recognized in 30 cases
(77%), and showed a good correlation with clinical symptoms. In addition, in 19 cases with
crural DVT, platelet scintigraphy showed abnormal accumulation ratio in 16 cases (84%),
while duplex scanning detected thrombi in 13 cases (68%). In cases with an abnormal accu-
mulation ratio, thrombolytic and anticoagulant therapy were very effective for improving
clinical symptoms as well inducing regression of the accumulation ratio.
Conclusions:  Platelet scintigraphy was very useful for the diagnosis and treatment of DVT
and for evaluation of the effect of anticoagulant therapy. Limitations in the definite diagno-
sis of deep vein thrombosis (DVT) have been apparent for more than three decades.1) Dur-
ing the last decade, duplex scanning has reached a high level of accuracy2-4) and has been
considered the gold standard in the diagnosis of DVT, instead of venography. However,
duplex scanning and venography demonstrates only the anatomic alterations associated
with venous lesions. In contrast, in platelet scintigraphy, the labeled platelets are incorpo-
rated directly into the thrombus and can reveal thrombus activity.5-7) We noticed that au-
tologous platelets labeled with indium-111-oxine accumulated on fresh lesions of DVT. This
observation suggested two applications of this technique: 1) evaluation of the role of plate-
lets in the pathophysiologic characteristics of DVT; and 2) monitoring the effects of antico-
agulant therapy. (Ann Thorac Cardiovasc Surg 2001; 7: 138–42)
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in this study.

Platelet scintigraphy
Autologous platelets were obtained from 40 ml of blood
and were labeled under aseptic conditions in a laminar
flow hood as described by Thakur et al.8) Autologous
platelets labeled with indium-111-oxine were adminis-
tered intravenously at doses of 0.25-1.19 mCi. Scinti-
graphic imagings of the whole body were obtained 48-
72 hours after tracer administration.

For semiquantitative analysis, we estimated the ratio
of accumulation in the abnormal region to that in the nor-
mal vein on the other side (Fig. 1), and defined an abnor-
mal accumulation ratio as over 1.2, based on the follow-
ing observations. In the upper extremities with no throm-
botic lesion, all of the accumulation ratios in compari-
son to bilateral ones were under 1.2 in all cases
(1.06±0.05, p<0.0001). We ascertained that the vein was
normal by physical examinations and duplex scanning.

Treatment
Prior to the evidence of platelet scintigraphic images, all
cases initially underwent oral anticoagulant therapy us-
ing warfarin sodium and aspirin. In 15 cases with phleg-
masia alba dolens in which the thrombus was definitely
detected by duplex scanning, heparin sodium at 100 units/

kg/day and urokinase at 24×104 units/day were admin-
istered intravenously. Heparin was continued for four
days, and urokinase was reduced by half every two days
and stopped one week after. In 9 cases with accumula-
tion ratios of below 1.2 in platelet scintigram, who were
definitely diagnosed with DVT by duplex scanning, the
anticoagulant therapy was reduced and discontinued
within three months in light cases. Another obesity case
underwent the anticoagulant therapy for twelve months.
In contrast, in cases with abnormal accumulation ratios
of over 1.2, the oral anticoagulant therapy has been con-
tinued under the control of international ratio (INR) of
over 2.0. The follow-up period is 3-24 months (mean, 11
months).

Statistical analysis
For comparisons between three groups, we used analy-
sis of variance, including post hoc comparisons with the
Fisher’s PLSD. Values are expressed as the mean+standard
deviation. Statistical significance was defined as p<0.05.

Results

Platelet scintigraphy vs. duplex scanning
All of 39 cases were diagnosed as having DVT by du-
plex scanning, platelet scintigraphy or both. The scinti-

Fig. 1.  Estimation of accumulation ratio.
For semiquantitative analysis, we estimate the accumulation ratio of  abnormal legion

to normal lesion of In-111-oxine-platelet scintigraphy.
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graphic imagings revealed abnormal accumulation ratios
of over 1.2 in 30 cases (77%), while duplex scanning
detected venous thrombi in 32 cases (82%). Duplex scan-
ning detected thrombi which scintigraphy could not im-
age in 9 cases, while scintigraphy imaged DVT which
duplex scanning could not detect in 7 cases (Table 1).
There was not a statistically significant correlation be-
tween the results of the two methods (Yates corrected
χ2=1.25, p=0.26). In contrast, in 19 cases with crural
DVT, scintigraphic imaging showed abnormal accumu-
lation in 16 cases (84%), while duplex scanning detected
thrombi in 13 cases (68%). Scintigraphy imaged crural
DVT which duplex scanning could not detect in 6 cases,
while duplex scanning detected thrombi which scintig-
raphy could not image in 3 cases (Table 2). Duplex scan-
ning was superior to scintigraphy for detecting thrombi
above the knee, and scintigraphy was better for detect-
ing thrombi below the knee. However, there was not a
statistically significant correlation between the results of
the two methods (Yates corrected χ2=0.41, p=0.52).

Scintigraphy and clinical symptoms
Fifteen cases with phlegmasia alba dolens had signifi-
cantly higher accumulation ratios (1.68±1.56) than those
with swelling (1.22±0.78, p=0.002) and with pain
(1.36±0.82, p=0.003). However, no significant difference
was seen between those with swelling and pain. Clinical
symptoms of DVT showed a good correlation with the
accumulation ratio of platelet scintigram. (Fig. 2)

Posttreatment course
Nine cases with accumulation ratios of under 1.2 had no
deterioration of clinical symptoms under the initial oral
anticoagulant therapy, nor recurrence after discontinua-
tion of it. In 30 cases with abnormal accumulation, throm-
bolytic and anticoagulant therapy remarkably improved
the clinical symptoms and scintigraphic imaging which
was performed six weeks later, showed remarkable re-
gression of the accumulation ratio (Fig. 3). However, in

3 cases, in which the accumulation ratio remained over
1.2, pain due to DVT recurred during anticoagulant
therapy, and required more intensive anticoagulant
therapy for improvement of symptoms. These three cases
have been followed now under INR of above 2.0 with no
symptoms.

Discussion

Platelet scintigraphy offers potentially greater specific-
ity for the detection of active DVT, because labeled plate-
lets are incorporated directly into the thrombus and can
detect thrombus activity.9,10) Such activity generally shows
a close correlation with clinical symptoms in acute DVT
cases. Therefore, accumulation of platelets in this method
appears to correlate well with the degree of clinical symp-

Fig. 2.  Relationships between clinical symptoms and accumula-
tion ratio.
The phlegmasia alba dolens group showed a significantly higher
accumulation ratio (1.68±1.56) than swelling (1.22±0.78,
p=0.002) and pain groups (1.36±0.82, p=0.003). Clinical symp-
toms due to DVT showed a good correlation with the accumu-
lation ratio.

Table 1.  Comparisms of planet scintigraphy and duplex
scanning for diagnosis of DVT

Table 2.  Comparisms of platelet scintigraphy and duplex
scanning of diagnosis of crural DVT

Platelet scintigraphy

     abnormal

     normal

Total

23

9

32

7

0

7

30

9

39

Duplex scanning

abnormal normal total

Platelet scintigraphy

     abnormal

     normal

Total

10

3

13

6

0

6

16

3

19

Duplex scanning

abnormal normal total
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toms. In this study, the ratio of accumulation in the ab-
normal region to that in the normal vein on the other side
was used as an estimate in this semiquantitative analy-
sis, and an abnormal accumulation ratio was defined as
the value of over 1.2. Clinical symptoms of DVT showed
a good correlation with abnormal accumulation ratios.

Some previous papers insisted that the sensitivity of
duplex scanning for symptomatic DVT patients were over
90%.9,12,13) However, we indicated that the sensitivity of
duplex scanning was 82%, because it can not detect such
small thrombi. Platelet scintigraphy can reveal throm-
bus activity, although it does not detect an inactive
(chronic) thrombus.5-7) The adherence and aggregation
of platelets at DVT lesions or other vascular lesions are
pathophysiological processes that depend primarily on
the loss of integrity of the vascular endothelial lining.
On acute phase of DVT, platelet scintigraphy can detect
the adherence and aggregation of platelets even in the
small thrombi. Therefore platelet scintigraphy can evalu-
ate the activity of DVT that other methods such as venog-
raphy and duplex scanning can not. Our results indicated
no marked differences in diagnostic sensitivity of DVT
between duplex scanning and platelet scintigraphy. How-
ever, platelet scintigraphy proved to be superior to du-
plex scanning in its ability to diagnose crural DVT, in
which an early diagnosis is very difficult because of the

unclear symptoms and the small thrombi.11-13) Thus, plate-
let scintigraphy can prevent the proximal progression of
crural DVT leading to the serious sequlae such as pul-
monary embolism.

Though oral anticoagulant therapy is given routinely
to patients who have had clinical episodes of DVT, DVT
often recurred or worsened in spite of good anticoagu-
lant control. The optimal duration and quantity of anti-
coagulant therapy remain controversial.14-20) Platelet scin-
tigraphy is very useful for evaluation of the effects of
anticoagulant therapy, and its accumulation ratio can pro-
vide determination whether the further anticoagulant
therapy is mandatory or not. Thus, platelet scintigraphy
can also be very useful in evaluating the effect of antico-
agulant therapy, despite some drawbacks such as it be-
ing expensive, troublesome, and emitting radiation.

References

1. McLachlin J, Richards T, Paterson JC. An evaluation
of clinical signs in the diagnosis of deep vein throm-
bosis. Arch Surg 1962; 85: 738–44.

2. Sumner DS, Mattos MA. Diagnosis of deep vein throm-
bosis with real time color and duplex scanning. In:
Vascular Diagnosis, 4th ed. St. Louis: Mosby, 1993;
785–800.

3. Joseph AC, Juan IA, Kevin NH, et al. Venous duplex

Fig. 3.  A case presentation with abnormal accumulation ratio.
The case had severe phlegmasia alba dolens with high abnormal accumulation ratio of 3.0. The
intensive thrombolytic and anticoagulant therapy remarkably improved the clinical symptoms,
and scintigraphy performed six weeks later showed complete disappearance of abnormal accumu-
lations.



142

Morimoto et al.

Ann Thorac Cardiovasc Surg Vol. 7, No. 3 (2001)

imaging follow-up of acute symptomatic deep vein
thrombosis of the leg. J Vacs Surg 1995; 2: 472–6.

4. Criado E, Burneham CB. Predictive value of clinical
criteria for the diagnosis of deep vein thrombosis. Sur-
gery 1997; 122: 578–83.

5. Harmon HD, Barry AS, Laurence AS, et al. Scinti-
graphic detection of carotid atherosclerosis with In-
dium-111-labeled autologous platelets. Circulation
1980; 61: 982–8.

6. Knight KC, Primeau JL, Siegel BA, et al. Comparison
of In-111-labelled platelets and iodinated fibrinogen
for the detection of deep vein thrombosis. J Nucl Med
1978; 19: 891–4.

7. Smyth JV, Dodd PDF, Walker MG. Indium-111 plate-
let scintigraphy in vascular disease. Br J Surg 1994;
82: 588–95.

8. Thakur ML, Welch MJ, Joist JH, et al. Indium-111-
labeled platelets: studies on preparation and evalua-
tion of in vitro and in vivo functions. Thromb Res 1976;
9: 345–57.

9. Mattos MA, Londrey GL, Leutz DW, et al. Color-flow
duplex scanning for the surveillance and diagnosis of
acute deep venous thrombosis. J Vasc Surg 1992; 15:
366–76.

10. Grossman ZD, Wistow BW, McAfee JG, et al. Plate-
lets labeled with oxine complexes of Tc-99m and In-
111. Part 2. Localization of experimentally induced
vascular lesion. J Nucl Med 1978; 19: 488–91.

11. James ES, Gary RC, Debra AK, et al. Pitfall in estab-
lishing the diagnosis of deep venous thrombophlebi-
tis by indium-111 platelet scintigraphy. J Nucl Med
1988; 29: 1169–80.

12. Killewich LA, Bedford GR, Bearch KW, et al. Diag-

nosis of deep vein thrombosis: a prospective study
comparing duplex scanning to contrast venography.
Circulation 1989; 79: 810–4.

13. Lisette MMJ, Anthonie WAL, Maria MWK, et al. Limi-
tations of compression ultrasound for the detection of
symptomless postoperative deep vein thrombosis.
Lancet 1994; 343: 1142–4.

14. Hull R, Delmore T, Genton E, et al. Warfarin sodium
versus low-dose heparin in the long-term treatment of
venous thrombosis. N Engl J Med 1979; 301: 855–8.

15. Lagerstedt CI, Olsson CG, Fagher BO, et al. Need for
long-term anticoagulant treatment in symptomatic
calf-vein thrombosis. Lancet 1985; 2: 515–8.

16. Hull R, Hirsh J, Jay R, et al. Different intensities of
oral anticoagulant therapy in the treatment of proxi-
mal-vein thrombosis. N Engl J Med 1982; 307: 1676–
81.

17. Mark NL, Jack H, Michael G, et al. A randomized
trial comparing four weeks with three months of war-
farin in patients with proximal deep vein thrombosis.
Thromb Haemost 1995; 74: 606–11.

18. Research Committee of the British Thoracic Society.
Optimum duration of anticoagulant for deep-vein
thrombosis and pulmonary embolism. Lancet 1992;
340: 873–976.

19. Bert VR, Paul SVB, Hans H, et al. Thrombus regres-
sion in deep vein thrombosis: quantification of spon-
taneous thrombolysis with duplex scanning. Circula-
tion 1992; 86: 414–9.

20. Krupski WC, Bass A, Dilley RB, et al. Propagation of
deep vein thrombosis identified by duplex ultrasonog-
raphy. J Vasc Surg 1990; 12: 467–75.


