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Detection of left atrial thrombi in man using
indium- 1 1 1 labelled autologous platelets

MAKOTO YAMADA, NORITAKE HOKI, KIYOMU ISHIKAWA, HIDEO YOSHIMA,
SEKIKEN HATA, NOBUKAZU OHKUBO, RYOUSUKE MATSUWAKA, KEIICHI
FURUBAYASHI, MITSUYA FUKUSHIMA, KENJI ONISHI, YOSHIO KOBAYASHI

From the Heart Centre, Osaka Prefectural Hospital, Osaka, Japan

SUMMARY A scintigraphic technique using indium-ill labelled platelets to detect left atrial thrombi
was used in 28 patients, 14 of whom had mitral valve disease and 14 combined valve disease.
Imaging was performed in the anterior, right anterior oblique (450), and left lateral views on the day
of injection and thereafter at one or two day intervals for a maximum of four days. When scin-
tiphotos obtained in two or three views 72 or 96 hours after the platelet injection showed "hot spot
areas" within the left atrial pool and indium- 11 activity in these areas did not decrease with time
they were interpreted as positive for thrombi. Of 28 patients, seven had positive platelet images by
this criterion; of these, three underwent surgery and were found to have left atrial thrombi. One
patient died, and a thrombus was found at necropsy. The remaining 21 patients had normal
scintiphotos; of these, seven had no thrombi at operation and one had false negative images.
The diagnostic accuracy of platelet scintigraphy by this criterion of positivity in the 12 patients in

whom surgical or postmortem confirmation of thrombi could be obtained was 92%. These results
indicate that this technique is a promising method for detecting active left atrial thrombi.

Left atrial thrombi occur in patients with mitral valve
disease and may lead to catastrophic embolic events.
In studies of patients with mitral valve diseasel 2 the
incidence of left atrial thrombus ranged from 90/o to
17%, and episodes of systemic embolisation were
reported in 290/o to 600/o of patients with such throm-
bosis.' 2 In mitral valve disease, therefore, the detec-
tion of a left atrial thrombus and evaluation of its
haematological activity are essential for determining
the need for anticoagulant treatment and the timing of
open heart surgery. Detection of left atrial thrombi
has been attempted using angiocardiography,2 cross
sectional echocardiography,3 and computed tomogra-
phy.4 Angiocardiography and echocardiography have
limitations, however, depending on the size and loca-
tion of the thrombus. On the other hand, computed
tomography can accurately detect the presence of left
atrial thrombi.4 These methods cannot, however,
determine whether the thrombi are haematologically
active; this needs to be known to determine the
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efficacy of anticoagulant treatment.
Recently, in vitro labelling of autologous platelets

with indium- 11 oxine was performed by Thakur et
al.5 Their method looks promising for assessing the
haematological activity of thrombi in vivo. Some
studies in animals have shown that the indium-ill
labelling method is useful in the diagnosis of infective
endocarditis6 and coronary thrombosis.7 Deep vein
thrombosis8 and systemic artery thrombi9 have also
been detected in man by this technique. Further-.
more, by comparison of indium-ill oxine platelet
imaging with findings at operation the technique has
been shown to be valuable in detecting active thrombi
in left ventricular aneurysms complicating myocardial
infarction.'0 1' Nevertheless, few attempts have been
made to detect left atrial thrombi by this technique
because (a) the time of the formation of the left atrial
thrombus is usually unclear and (b) it is also uncertain
whether in valvular heart disease an old left atrial
thrombus is haematologically active. Moreover, in
order to detect by this technique a left atrial
thrombus-particularly one confined to the left atrial
appendage-radionuclide images of high spatial
resolution are necessary. In the present study we
attempted to detect left atrial thrombi using indium-
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Detection of left atrial thrombi by indium-ll platelet scintigraphy
Table 1 Clinical data and results ofindium-III platelet scintigraphy in 28 patients with mitral and combined valve diseases

Case Age Sex Diagnosis* Clinical Platekt Clot (wt) at LabellingNo (yr) emboli scan operation or efficienc
necropsy (%)

1 46 F MS None - ND 53
2 63 F MS None + +(66 g) 41
3, 54 F MS None - ND 464 45 F MSR None - ND 565 65 M MS Cerebnl - ND 54
6 46 M MS None - ND 63
7 69 M MS None + ND 53
8 55 F MSR None - ND 49
9 26 F MS None - - 67
10 60 F MSR None - ND 38
11 63 F MSR None - ND 34
12 43 M MS None - + 6013 58 F MS None - - 16
14* 66 F MS None - ND 49
15 55 F MS,AR None - ND 61
16 52 F MSR, ASR None - ND 56
17 50 F MSR,ASR None - - 38
18 47 M MS,AR Limbs - - 25
19 67 M MS,AR Cerebral - ND 51
20 54 F MSR, ASR None + +(44 g) 22
21 56 F MSR, ASR Cerebral - - 34
22 66 F MSR, ASR Cerebral + ND 49
23 51 M MSR,ASR None - - 51
24 75 F MSR, ASR None - ND 47
25 61 F MS, ASR None + +(40 g) 33
26 51 F MSR, ASR None + ND 26
27 45 M MS, AR Cerebral + + 21
28 52 F MSR,ASR None - - 55

MS, mitral stenosis; MSR, mitral stenosis and regurgitation; AR, aortic regurgitation; ASR, aortic stenosis and regurgitation; ND, not done;
+, positive findings; -, negative findings.
*All patients except case 14 also had atrial fibrillation.

111 oxine platelet imaging and compared the results
obtained with the surgical and necropsy findings.

Patients and methods

Twenty eight patients with valvular heart disease were
studied (eight men and 20 women; mean (±SD) age
55-0±+101 years (range 26-75 years)) (Table 1). All
the patients gave informed consent. Of the 28
patients, 14 had mitral valve disease and 14 combined
valve disease. Twenty seven of them had atrial fibrilla-
tion. Mitral valve disease and combined valve disease
were diagnosed by angiocardiography or cross sec-
tional echocardiography or both. Four of the 14
patients with mitral valve disease and seven of the 14
with combined valve disease underwent open heart
surgery. One patient with combined valve disease
died of heart failure before operation; a necropsy was
performed. The interval between the last radionuclide
image and heart surgery or necropsy ranged from one
to 60 (mean 20-5+19-9) days.

PREPARATION OF INDIUM- 1 11 LABELLED
PLATELETS
Platelet labelling was performed using commercially
available indium- 11 oxine (Amersham International

Limited, London) or indium-Ill oxine prepared in
our laboratory by the method of Scheffel et al.'2 In
vivo labelling was carried out by the slightly modified
button saline method of Wistow et al.'3 Acid citrate
dextrose (ACD) and ACD saline (pH 6.5) solution
were sterilised by millipore filtration. Forty three mil-
lilitres of whole blood were collected from the
antecubital vein through an 18 gauge needle into 7 ml
of the ACD solution. After being mixed with the solu-
tion the blood was transferred to six sterile plastic
disposable tubes and centrifuged at 200 g for 10
minutes. The upper three quarters of the platelet rich
plasma of each tube was transferred with sterile plas-
tic pipettes into two plastic tubes, and one twentieth
of its volume of ACD solution was added to each tube.
This platelet rich plasma was then centrifuged at 1000
g for 10 minutes. After the resulting platelet poor
plasma had been saved, the cell button (platelets) was
cleansed with ACD saline solution, resuspended in
1*5-2-0 ml of ACD saline solution containing
indium-lll oxine complex (916±52 ,uCi (33.9+1*9
MBq)) and incubated at 37°C for three to five
minutes. The labelled platelet suspension was mixed
with an equal volume of platelet poor plasma and cen-
trifuged at 1000 g for 10 minutes. The supernatant
was carefully decanted and the labelled platelet button
finally resuspended in 8 ml of platelet poor plasma.
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The indium-Ill activity remaining in the platelets
was determined to assess the efficiency of the in vitro
labelling. The platelet suspension was injected
intravenously using a 21 gauge needle.

RADIONUCLIDE IMAGING
Usually, images were obtained between two and five
and at 48 and 96 hours after injection of the labelled
platelets. In case 20 (Table 1) images were obtained 72
hours after injection instead of at 96 hours. All
patients were examined in the anterior, right anterior
oblique (450), and left lateral views. Imaging was per-
formed on a large field of view gamma scintillation
camera (Technicare 1410S) fitted with a middle
energy collimator and set on both photopeaks (173
keV and 247 keV) of indium-lll with a 20% window.
In all patients, 300 000 count images were obtained.

CRITERION FOR INTERPRETATION OF PLATELET
IMAGES
All images were interpreted by two observers without

Yamada et al

knowledge of the clinical and laboratory data by the
following criterion. When scintiphotos obtained in
two or three views 72 or 96 hours after injection of the
labelled platelets showed "hot spot areas"-defined as
areas of increased and abnormal indium-l 11 activity
within the left atrial blood pool-and the activity in
these areas did not decrease with time the images were
interpreted as positive for thrombi within the left
atrium.

Results

In all patients well defined images of the cardiac blood
pool and great vessels were seen two to five hours after
injection of labelled platelets. The results are shown
in Table 1. Of the 28 patients, seven had positive
platelet images and 21 negative images. In case 2 large
"hot spot areas" were seen 48 and 96 hours after injec-
tion at a position corresponding to the left atrium
(Fig. la), and the images were interpreted as positive.
Mitral valve replacement was performed, and thrombi
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RAO 450 Left lateral

Fig. 1 Indium-Ill scintiphotos obtained 96 hours after injection of labelled platelets (case 2). (a) In the anterior and left lateral
views "hot spot areas" of increased and abnormal activity (arrows) represent active thrombi within the left atrium. (b) Scintiphotos
obtained three months after surgery showed that no "hot spot area" was present. RAO, right anterior oblique.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.51.3.298 on 1 M
arch 1984. D

ow
nloaded from

 

http://heart.bmj.com/


Detection of left atrial thrombi by indium-ll platelet scintigraphy 301
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Fig. 2 Indium-ll lscintiphotos obtained (a) 72 hours after injection oflabelled platelets (case 20) showing "hot spot areas" (arrows)
within the cardiac blood pool corresponding to the left atrium in anterior, RAO 45°, and left lateral views; and (b) 96 hours after
injection of labeUed platelets (case 25) showing "hot spot areas" (arrows) in antenor, RAO 45°, and left lateral views.

weighing about 66 g were identified in the area
stretching from the left atrial posterior wall to the left
atrial appendage. To determine whether the "hot spot
areas" in case 2 corresponded to intra-atrial thrombi
indium-Ill labelled platelets were injected intraven-
ously three months after operation and negative
platelet images were obtained (Fig. lb). In case 20
positive platelet images were obtained (Fig. 2a).
Mitral valve replacement, aortic valve repair, and left
atrial plication were performed and at operation
thrombi of about 44 g were seen in the area from the
left atrial posterior wall to the left atrial appendage. In
case 25 positive platelet images were obtained (Fig.
2b). The patient died of heart failure before operation
could be performed, and at necropsy thrombi weigh-
ing about 40 g were identified in the same area. In case
27 "hot spot areas" corresponding to the left atrial
appendage were seen 48 and 96 hours after injection
of the labelled platelets (Fig. 3), and the images there-
fore were interpreted as positive. The patient under-

went open mitral commissurotomy and left atrial
appendage closure. At operation a thrombus was
found in the left atrial appendage. In cases 7, 22, and
26, in which the scintiphotos were interpreted as posi-
tive, the presence or absence of thrombi was not
directly confirmed because no surgical procedures
were performed. In case 22, however, the patient had
a history of cerebral infarction suggesting that there
might be a thrombus within the left atrium.

Although "hot spot areas" were observed 48 and 96
hours after the platelet injection in case 18 (Fig. 4) the
images were interpreted as negative for a thrombus
within the left atrium since the areas were seen only in
the left lateral view and indium- Ill activity occurring
96 hours after injection showed a slight decrease com-
pared with that after 48 hours. No thrombus was
identified at operation. In case 21 only a scintiphoto
taken in the left lateral view 96 hours after injection
showed a "hot spot area." The image was, therefore,
interpreted as negative; no thrombus was identified
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Anterior RAO 450 Left lateral
Fig. 3 Indium-Ill scintiphotos obtained (a) 48 and (b) 96 hours after injection of labelled platelets (case 27) showing "hot spot
areas"~in anterior and left lateral views. Note that indium-IllI activity in the "hot spot areas" increased with time.

at operation. In cases 9, 13, 17, 23, and 28 "hot spot
areas") were not observed in any of the three views,
and the images were interpreted as negative; no
thrombus was identified at operation. In case 12
scintiphotos were interpreted as negative since no
"hot spot areas" were observed 96 hours after the
platelet injection. This patient underwent open mitral
commissurotomy and left atrial appendage closure as
a thombus was identified at operation.

Discussion

In the present method,' the platelet preparation con-
sisted of 2-44±+0* 55 x109 (mean± SD) platelets with
an indium-lil activity of 405±132 u~Ci (15±4*9
MBq) (mean± SD) and a final labelling efficiency of
44 6±-+ 13 60% (mean± SD). Well defined images of the
cardiac blood pool were obtained in all cases.
As far as we know, the present study is the first to

detect left atrial thrombi using indium-Ill platelet
imaging in man. Of seven cases that were interpreted
as having positive platelet images thrombi were
confirmed at operation or necropsy in four. Of 21
cases that were interpreted as having negative platelet

images, no thrombus was confirmed at operation in
seven and one had a false negative result.

In the four cases with positive platelet images the
surface of thrombi appeared red and friable when
examined at operation or necropsy. These findings
indicate that the left atrial thrombi in these patients
with long term valvular disease were haematologically
active and were detected by indium-ill platelet
scdntigraphy.

In the present study two cases (cases 18 and 21)
might have been misinterpreted as positive since "hot
spot areas" were seen in the left lateral view. In case
18 "hot spot areas" were seen 48 and 96 hours after
injection of labelled platelets only in the left lateral
view (Fig. 4). Nevertheless, indium-ill activity in
the "hot spot area" decreased during the period from
48 to 96 hours after the injection (Fig. 4). In contrast,
in all the cases in which scintiphotos were interpreted
as positive and thrombi within the left atrium were
identified at operation indlium- 111 activity in the "hot
spot areas" increased with time after injection of the
labelled platelets. Note the increased indium-ill1
activity on the scintiphotos in case 27 (Fig. 3). These
results indicate that the labelled platelets accumulated

.. .. .. ... .....
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Fig. 4 Indin-lIl lscintiphotos obtained (a) 48 and (b) 96 hows after injection oflabeled platelets (case 18) showing "hot spot
areas" (arrows) only in the left lateral views. Note that indium-Ill activity in the "hot spot area" decreased with time during the
period from 48 to 96 hours.
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Left lateral view

Fig. 5 (a) Indium-ll lscintiphoto obtained 96 hours after injection oflabeUed platelets and (b) technetium-99m blood pool image.
Note that the "hot spot area" (arrows) in (a) disappeared in the subtraction image (c) ofthe bloodpool (subtraction oftechnetium blood
pool image from indium-llI scintiphoto).
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Table 2 Results ofplatelet scintigraphy in nine patients whose
images showed "hot spot areas"

Case Imaging view Initial imaging
No time (h)*

A RAO LL

2 + - + 48
7 + + - 48
18 - - + 48
20 + + + 48
21 - - + 96
22 + - + 48
25 + + + 48
26 + - + 48
27 + - + 48

A, anterior; RAO, right anterior oblique (450); LL, left lateral; +
positive findings; -, negative findings.
*Initial imaging time was taken as the time when "hot spot areas"
were first seen.

on the surface of the thrombus with time. It is, there-
fore, very important clinically to assess the presence
or absence of left atrial thrombi from images taken at
different points in time. Similar results were found by
Ezekowitz et al who detected intraventricular

Yamada et al

thrombi using platelet scintigraphy.14
An explanation for the "hot spot area" in the left

lateral view may be the overlap of the left atrial
appendage and the right atrium in this lateral view.
Because of this overlap in the left lateral view the
image of the cardiac blood pool corresponding to the
left atrium may show increased indium-I 11 activity
and may, therefore, be misinterpreted as showing a
"hot spot area," although the platelets have not
accumulated in this area. In cases 18 and 21 "hot spot
areas" were seen only in the left lateral view but not in
the others (Fig. 4). In the cases in which scintiphotos
were interpreted as positive "hot spot areas" were
seen in two or three views (Table 2). In four of these
cases thrombi were identified at operation or nec-
ropsy. In fact, in case 18 indium- 11 labelled platelets
were injected intravenously two months after opera-
tion, and a "hot spot area" was seen 96 hours after
injection only in the left lateral view. Immediately
after scintiphotos had been obtained 96 hours after
the platelet injection technetium-99m labelled human
serum albumin was injected intravenously. As shown

i ..~~~~~~~~~~~~~~~~~~~~~~~.*..

ki ~.~:
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Anterior RAO 45° Left lateral

Fig. 6 Indiun-lllscintiphotos obtained (a) before and (b) after warfarin treatment showing that the "hot spot areas" (arrows in
(a)) notably decreased after warfarin treatment. Note that the "hot spot area" seen in the RAO 45'view in (a) disappeared completely
in (b).
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Detection of left atrial thrombi by indium-l1l platelet scintigraphy

in Fig. 5, the "hot spot area" seen in the left lateral
view disappeared after subtraction of the blood pool
according to Bergmann et al and Sutherland et a115 16
(slightly modified). This result indicates that the
"hot spot area" seen in the left lateral view in case 18
could not have reflected platelet deposition on to a
thrombus. Great caution should, however, be taken in
interpreting images in only one view, especially the
left lateral view.

Case 12 showed a false negative result. In this case,
high indium- Ill activity in the cardiac blood pool did
not decrease substantially 96 hours after injection of
the labelled platelets, and such high activity may lead
to misinterpretation. Images should, therefore, have
been obtained later than 96 hours after the platelet
injection in this case.
These results show that two important factors may

affect the accuracy of indium-Ill platelet scintigra-
phy in detecting left atrial thrombi: (a) the high
indium-Ill activity in the cardiac blood pool (back-
ground) and (b) the artificially high activity in the left
atrial blood pool caused by the overlap of the left atrial
appendage and the right atrium in the left lateral
view. Interpretation, using time sequential images, is,
therefore, essential to detect left atrial thrombi accu-
rately. Using our criterion of positivity, therefore, the
accuracy in detecting left atrial thrombi by indium-

1 platelet scintigraphy was 92% as confirmed by
surgical and postmortem examinations.

In addition, the reliability of this criterion for
detecting left atrial thrombi was tested by the follow-
ing procedure. To determine whether "hot spot
areas" actually reflect the localisation of labelled
platelets on to the surface of the thrombus an anti-
coagulant agent17 18 was used. A patient with com-
bined valve disease whose scintiphotos were inter-
preted as positive (Fig. 6a) was treated with warfarin
for about one month to reduce the prothrombin time
to 37%. Indium-ill labelled platelets were injected
intravenously after treatment with the warfarin, and
indium-l11 activity in the "hot spot areas" was con-
siderably decreased (Fig. 6b) suggesting that the "hot
spot areas" do reflect the accumulation of the labelled
platelets on to the thrombus. These results strongly
suggest that the present criterion is reliable for detect-
ing haematological activity in a left atrial thrombus
and that indium- 11l platelet scintigraphy is an excel-
lent method of detecting haematologically active
thrombi within the left atrium associated with long
term valvular disease.
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