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Abstract

Spontaneous echo contrast (SEC) consists of numerous microechoes swirling in the cardiovascular
lumen and is usually seen during blood stasis in dysfunctional left atrium. However, SEC and consecu-
tive local thrombus formation at the carotid artery early after carotid endarterectomy (CEA) have not
been reported. This study retrospectively investigated the clinical importance and therapeutic strategy
of postoperative SEC and thrombus formation in 113 consecutive patients who underwent CEA between
2001 and 2009. Ultrasonography was routinely performed preoperatively, intraoperatively, and 1 day
and 1 week after the operation. If SEC and/or thrombus was detected at any time after the operation,
follow-up ultrasonography was performed at short intervals, once a week for inpatients and once every
1–2 months for outpatients. Eight of the 113 patients (7%) had SEC after the operation from Day 1 to 12
(mean 7.2 days), and 6 of these 8 patients developed local de novo thrombus formation at the site of SEC
from Day 6 to 33 (mean 14.7 days). The maximum luminal narrowing by the thrombi were 26–62%
(mean 37%). After administering anticoagulant therapy, all thrombi disappeared from Day 13 to 190
(mean 57 days) from CEA. SEC seen after CEA is highly associated with consecutive local thrombus
formation. Postoperative geometric blood stasis with the absence of intima may be the causative factor
for its development.

Key words: carotid endarterectomy, thrombosis, ultrasonography, spontaneous echo contrast,
anticoagulant therapy

Introduction

Spontaneous echo contrast (SEC) is an echogenic
smoke-like swirling pattern of blood flow often seen
in the conditions of blood stasis and low velocity
blood flow. SEC frequently develops in a dilated
and dysfunctional left atrium and left atrial append-
age during atrial fibrillation, and carries a high
risk of local thrombus formation and thromboem-
bolism.1,17,18,24) SEC has also been reported in the
carotid artery,20,26) but SEC after carotid endarterec-
tomy (CEA) with consecutive local thrombus forma-
tion has not been reported. This study retrospective-
ly analyzed clinical records to clarify the clinical im-
portance and therapeutic strategy of SEC and local

thrombus formation in the postoperative carotid
artery after CEA.

Patients and Methods

This study included 113 consecutive patients, 95
men and 18 women aged 46 to 83 years (mean ±
standard deviation 68.6 ± 7.5 years), who under-
went CEA from January 2001 to December 2009 in
Kashiwaba Neurosurgical Hospital. CEA was gener-
ally considered appropriate for treatment of more
than 70% stenosis on angiography calculated ac-
cording to the North American Symptomatic
Carotid Endarterectomy Trial method. However, if
thrombosis from the carotid artery was strongly sus-
pected as the cause of the symptom, CEA was per-
formed even for moderate stenosis (50–70%). Com-
puted tomography (CT), magnetic resonance (MR)
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imaging, MR angiography (1.5-T scanner), and
cerebral angiography were performed on all patients
before and after surgery. All patients were followed
up in our outpatient clinic. Hypertension was de-
fined as systolic pressure of 140 mmHg or higher, di-
astolic pressure of higher than 90 mmHg, or current
use of antihypertensive agents. Diabetes mellitus
was defined as a hemoglobin A1C value of 6.5% or
greater or current use of antiglycemic medications.
Patients with serum low density lipoprotein
cholesterol levels of 140 mg/dl or greater, or current
use of lipid-lowering agent were considered as hav-
ing hyperlipidemia. Current smoking was defined as
any tobacco smoking on a daily basis within 3
months before admission. Cardiac complications
were investigated by the cardiologists in this
hospital on the basis of history, physical examina-
tion, chest roentgenography, and electrocardiogra-
phy, and ambulatory 24-hour electrocardiography
for patients who were suspected of having cardiac
disease. The study protocol was approved by the
ethics committee of the Kashiwaba Neurosurgery
Hospital, and oral informed consent was obtained
from each patient or guardian.

Sonographic examination was performed by the
same experienced technician. High resolution B-
mode sonography of both carotid arteries was per-
formed with a sonographic scanner (Vivid 7; GE
Healthcare, Milwaukee, Wisconsin, USA) equipped
with a linear array 10-MHz transducer. The dynam-
ic range of the gray scale images was 72 dM. A long
axis image of the common and internal carotid arte-
ries was visualized. SEC was defined as dynamic
smoke-like microechoes within the vascular lumen
near the carotid bifurcation with characteristic
swirling motion distinct from white noise artifact.
SEC was investigated initially under the high gain
setting and then a lower gain setting. After every
sonographic examination, two observers (M.K.,
M.M.) checked the data and independently judged
the presence of SEC, and a third observer (T.Y.) was
involved if the initial 2 observers did not agree. De
novo mural thrombus was defined as a relatively
echo-dense mass adjacent to blood clearly distin-
guished from arterial wall structures and was not ob-
served at the latest echo examination (M.M.).
Ultrasonography was routinely performed preopera-
tively, intraoperatively, and 1 day and 1 week after
the operation. If SEC was seen at any time after the
operation, follow-up ultrasonography was per-
formed at short intervals, once a week for inpatients
and once every 1–2 months for outpatients.

Surgical procedures were described previou-
sly.10–12,23,28) Briefly, the common carotid artery and
its bifurcation were exposed in the usual fashion.

Heparin (2000–3000 U) was administered prior to
the carotid clamping to achieve activated coagula-
tion time of more than 200 seconds. Arteriotomy
was performed and a three-way internal shunt tube
was inserted. The atherosclerotic plaque was care-
fully dissected and removed under the operating
microscope. After confirming total removal of the
atherosclerotic plaque, the stay suture was inserted
at the distal end of the intima to avoid flipping. The
arteriotomy was closed primarily with a running
suture using 6–0 nylon. Intraoperative ultrasonogra-
phy was then performed with the transducer placed
directly on the external surface of the sutured artery
to detect any problems, such as residual intima, flap-
ping of the distal end, or acute thrombus formation.
Antiplatelet agent, already administered preopera-
tively, was only discontinued on the day of the oper-
ation and restarted from the day after the operation.
We generally use cilostazol as the antiplatelet agent
because this drug is known to improve internal vas-
cular layer function.

All values are expressed as mean ± standard devi-
ation. Multivariate logistic regression analysis was
used to identify predictors for thrombus formation.
A value of p º 0.05 was considered statistically
significant.

Results

The postoperative courses are summarized in Fig. 1.
Eight of 113 patients (7%) had SEC from 1 to 12 days
(mean 7.2 days) after the operation. Six of these 8
patients developed local de novo thrombus forma-
tion, which could not be seen at the latest ultra-
sonography examination (Table 1). Local de novo
thrombus was found between 6 and 33 days (mean
14.7 days) after the operation. The de novo thrombi
were located at the ventral side of the operated inter-
nal carotid artery in 2 patients, and the ventro-later-
al side in 4 patients. The maximum stenosis caused
by the de novo thrombus ranged from 26% to 62%
(mean 37%). None of these 6 patients developed any
neurological symptom. Not all thrombi disappeared
after the antiplatelet therapy, as some showed grad-
ual progression. We decided to use anticoagulant
therapy using heparin and warfarin. First, we ad-
ministered 10000 U/day of heparin intravenously,
and 2 mg of warfarin orally to achieve adequate an-
ticoagulation. Subsequently, the thrombi became
smaller, and all thrombi disappeared from 13 to 190
days (mean 57 days) after the operation. The pro-
thrombin time-international ratio (PT-INR) at the
time of thrombus disappearance was 1.4 to 2.0
(mean 1.8).

The clinical data and basic characteristics of the
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Table 1 Features of the 6 patients who developed thrombus formation after spontaneous echo contrast (SEC)

Case No.
Appearance

of SEC
(days)

Appearance of
thrombosis

(days)
% Stenosis Symptoms Lesion of

thrombosis

Disappearance
of thrombosis

(days)

PT-INR at the time of
thrombosis

disappearance (days)

1 12 33 62 － ventro-lateral 190 1.9
2 9 9 35 － ventro-lateral 22 2.0
3 7 7 33 － ventral 68 1.9
4 7 11 27 － ventral 18 1.4
5 7 22 26 － ventral 32 2.2
6 1 6 36 － ventral 13 1.4

Mean±SD 7.2±3.6 14.7±10.7 36.5±13.2 57±68.0 1.8±0.3

PT-INR: prothrombin time-international ratio, SD: standard deviation.

Fig. 1 Scheme of the postoperative courses of the
patients who underwent carotid endarterectomy (CEA).
Spontaneous echo contrast (SEC) was found in 8 of 113
patients and local de novo thrombus occurred in 6 of
these 8 patients. Since all patients who developed throm-
bus had already taken antiplatelet administration, an-
ticoagulant therapy using heparin and warfarin was
started and disappearance of the thrombus was
achieved.
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patients who developed postoperative thrombus and
who did not are summarized in Table 2. However,
we could not identify any predictors significant for
thrombus formation by the multivariate logistic
regression analysis. All patients were followed up at
our outpatient department after the operation, and
we have not encountered any reappearance of the
thrombus or restenosis of the carotid artery requir-
ing reoperation.

Illustrative Case 6: A 64-year-old man was admitted
to our hospital for incidental internal carotid artery
stenosis which was found at screening ultrasonogra-
phy for diabetes. He had 90% stenosis of the right
carotid artery and underwent CEA. The operation
was performed without problems. Intraoperative
ultrasonography showed no abnormality. However,
routine ultrasonography taken 1 day after CEA rev-
ealed that slight high signal swirling at the ventro-
lateral portion of the operated carotid artery suggest-
ing SEC (Fig. 2A–C). Power and color Doppler
sonography showed that the main stream of the
carotid artery was located on the opposite caudal
side, and marked decrease of the blood flow and
blood stasis was seen at the ventro-lateral portion of
the operated carotid artery (Fig. 2D). Six days after
CEA, marked de novo thrombosis formation was
found at the ventral side of the carotid artery where
the blood stasis was seen previously (Fig. 2E, F).
Three-dimensional CT angiography taken at this
time showed absence of the blood flow at the ventral
portion of the operated carotid artery (Fig. 2G). He
had no symptom at that time but we were afraid that
this thrombosis might cause further ischemic
events, so heparin and warfarin therapy were rap-
idly administered because he had already taken an-
tiplatelet agent. The thrombosis began to decrease
after the administration of anticoagulant therapy.
The carotid thrombus had completely disappeared
13 days after operation and the PT-INR was raised to
1.4 (Fig. 2H, I). He was discharged from hospital and
has not since shown any recurrence of thrombus at
the site of carotid artery.

Discussion

SEC was originally documented in the dilated and
dysfunctional left atrium and left atrial appendage
during atrial fibrillation, and is known to be associ-
ated with higher risk of thromboembolism and
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Table 2 Baseline characteristics of the study population

Characteristics Patients with thrombosis (n＝6) Patients without thrombosis
(n＝107) p Value

Age, mean±SD, yrs 67.7±26.3 68.2±7.6 0.384
Male, n (%) 6 (100) 89 (83) 0.850
Body mass index, mean±SD 23.7±9.0 24.0±3.1 0.809
Diabetes mellitus, n (%) 2 (33) 39 (36) 0.333
Hypertension, n (%) 5 (83) 83 (78) 0.922
Hyperlipidemia, n (%) 4 (67) 51 (48) 0.546
Current smoking, n (%) 3 (50) 53 (50) 0.810
Coronary artery disease, n (%) 2 (33) 22 (21) 0.984
Peripheral artery disease, n (%) 1 (17) 4 (4) 0.217
Atrial fibrillation, n (%) 0 (0) 4 (4) 0.891
ICA stenosis, mean±SD, % 71±27 81±17 0.122
Contralateral ICA occlusion, n (%) 0 (0) 4 (4) 0.969
Contralateral ICA stenosis (À70%), n (%) 1 (17) 8 (7) 0.970
Preoperative statin medication, n (%) 1 (17) 36 (33) 0.620

ICA: internal carotid artery, SD: standard deviation.

Fig. 2 Postoperative course of a 64-year-old man (Case 6). A–C: Ultrasonography scans taken 1 day after carotid
endarterectomy (CEA) revealing slight high signal swirling (arrowheads) at the ventral portion of the operated carotid
artery suggesting spontaneous echo contrast. D: Color Doppler sonography scan showing the main stream of the
carotid artery located on the opposite medio-caudal side, and marked decrease of the blood flow (arrowheads) at the
ventro-lateral portion of the operated carotid artery. E: Ultrasonography scan taken 6 days after CEA showing
marked de novo thrombosis formation (arrows) at the ventral side of the carotid artery where slow blood flow was
previously seen. F: Power Doppler sonography scan showing absence of the blood flow (arrows) at the thrombosis.
G: Three-dimensional computed tomography angiogram taken 6 days after CEA showing absence of the blood flow
(arrows) at the ventral portion of the operated carotid artery suggesting acute thrombus. H, I: Ultrasonography scan
taken 13 days after CEA showing the carotid thrombosis had completely disappeared with anticoagulant therapy (H),
but color Doppler sonography scan showing local blood stasis was still present at the ventro-lateral portion of the
carotid artery (I, arrowheads). CCA: common carotid artery, ICA: internal carotid artery.
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cerebrovascular disease.2–4) The mechanism creating
carotid and even intracardiac SEC is not completely
clear, but blood stasis is considered to be one of the
major factors of its development. Blood stasis may
cause a reversible increase in echogenicity of the
blood, as agitated whole blood, which was initially
anechoic, became echogenic within a few minutes
and lost echogenicity when agitated again.24) All 9
patients with dynamic intracavitary echoes in the
left ventricular apex had severe apical wall motion
abnormality due to myocardial infarction or dilated
cardiomyopathy, and 7 of the 9 patients had echo-
cardiographic evidence of associated mural throm-
bus in the apex.17,18) Amorphous echo consisting of
numerous microechoes curling up slowly were
found in the enlarged left atrium in 27 of 116
patients with rheumatic mitral valve disease and left
atrial thrombus was discovered in 13 of these 27
patients.1) With advances in sonographic technolo-
gy, especially transesophageal echocardiography,
SEC has been frequently observed in the left atrium
in patients with nonvalvular atrial fibrillation, and is
closely associated with regional thrombus formation
and remote embolisms. Many studies have support-
ed the concept that the red cell aggregation causes
SEC, which is a normal property of human red cells
under the low shear reversible phenomenon, and
reflects the equilibrium between adhesive and repul-
sive forces. Although many investigators have been
incredulous about the relationship between SEC and
platelets, some recent studies have reported in-
creased platelet activity in the blood from patients
with SEC.15,29)

The mechanism of carotid SEC is strongly sus-
pected to involve regional blood stasis, as with in-
tracardiac SEC, because this study could actually
show low flow velocity and blood stasis with the
color Doppler technique at the site where SEC had
developed. The blood flow at the carotid bifurcation
may not be uniform and turbulence may be frequent
at this lesion. Red blood cell and/or platelet aggrega-
tion with fibrin formation at the site of blood stasis
may cause carotid SEC. This blood stasis mechan-
ism was also seen in a previous report which fre-
quently observed SEC in the carotid artery where
the blood flow was impaired, such as the depression
of an ulcer and the open areas between plaques.20)

Postoperative anatomical structure, e.g. the angle,
the diameter, and the condition of the proximal/
distal end of the operated carotid artery, may cause
imbalance of the blood flow in the operated carotid
artery and result in blood stasis. This study could
not find any blood stasis by carotid ultrasonography
examination in 105 patients who did not show SEC.
However, the precise mechanism by which blood

stasis and SEC/thrombus formation were collocated
at the ventral to ventro-lateral portion of the operat-
ed carotid artery remains unclear.

The mechanism of the development of consecu-
tive local thrombus formation at the site of SEC is
also considered to be strongly associated with this
blood stasis. In all the cases in this study, the loca-
tion of the thrombus was the same as that of the
previous SEC. Decrease in SEC was associated with
the development of thrombus. Together with this
blood stasis, absence of the intima caused by the sur-
gical procedure is also considered to be a cause of
the thrombus formation.28) In this study, most of the
thrombi were located collateral to the carotid artery
treated by arteriotomy. Although the precise
mechanisms are still unknown, the geometric
changes and the degree of injury to the blood vessels
may be much higher in these areas. Injured blood
vessels tend to express many coagulative factors at
the surface, so activated red blood cells and the ef-
ficacy of anticoagulant, but not antiplatelet, therapy
may also suggest that the coagulation system is im-
portant in thrombus development. However, the
present preliminary study could not identify specific
factors which caused the development of SEC and
thrombus in our patients. Further study is necessary
to elucidate the mechanisms.

One of the other interesting points of this study is
that we have not encountered any restenosis of the
carotid artery in our 113 patients. Restenosis is
thought to occur in about 10% of patients in the first
year after CEA and in 20% during longer follow-up
periods.5–9,14,16,19,21,22,25,27) Inflammation of the en-
dothelial cell is known to be central in the mechan-
ism of restenotic plaque development, which is fol-
lowed by white blood cell attractant, adhesion
molecule expression, and finally active interactions
of leukocyte-endothelial cells. Leukocytes and en-
dothelial cells are said to activate each another
through adhesion molecules and release various in-
flammatory cytokines and chemokines. Monocytes
migrate into the endothelium through adhesion
molecules, then ingest lipids to become foam cells.
Accumulation of foam cells and reactive prolifera-
tion of the vascular smooth muscles finally result in
formation of atherosclerotic plaque.13) Early
postoperative thrombus, which is rich in inflamma-
tion cells, may be important in activating endothelial
cells, so treatment of this thrombus may be one of
the reasons for the absence of restenosis.

We recognize that there are many limitations in
this study. First, the number of patients is still very
small for drawing any specific conclusion. A larger
series is necessary to prove this phenomenon. Sec-
ond, the natural history of the postoperative throm-
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bus is not clear. If injured intima is one of the causes
of the development of the thrombus, the time course
of the intimal recovery may reduce thrombus. If so,
we are adopting overtreatment to administer warfa-
rin for these patients. However, gradual enlarge-
ment of the thrombus at the subacute stage made us
afraid of new thromboembolism in these patients.
We believe that early administration of the an-
ticoagulant therapy avoided any upcoming throm-
boembolism. So far, we have not encountered any
adverse events from the anticoagulant therapy.
Close follow-up monitoring of the PT-INR may
avoid unwanted side effects. In the future, decrease
and cessation of warfarin at the outpatient depart-
ment should also be considered.

Postoperative ultrasonography after CEA was
very useful to detect SEC and consecutive thrombus
formation. Anticoagulant, but not antiplatelet, ther-
apy was effective for resolution. However, further
study is necessary to investigate the natural history
and therapeutic protocol.
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