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Introduction:

Transesophageal echocardiography(TEE) is considered
to be superior to the transthoracic echocardiography(TTE)
for detecting cardiovascular sources of embolism because
of  lack of intervening lungs and bone, and the use of
higher-frequency imaging transducers provide enhanced
spatial resolution and improved detection of intra-cardiac
thrombi and spontaneous left atrial echo contrast, a marker
of blood stasis.1 Clinical detection of  ventricular thrombi
is generally performed by TTE and evaluation of  atrial
thrombi is generally performed by TEE.2

Predisposing  factors for left atrial (LA) thrombus are mitral
valve pathology, prosthetic mitral valve, poor LV function
and  abnormal LA contractile function, such as atrial
fibrillation(AF).Enlarged and bifid left atrial appendage
(LAA) is among the structural  or anatomical risk factors.

 The LA  can be visualized on two-dimentional TTE from
all of standard imaging windows. Image of the thrombi in
the LA resembles intracavitary masses. The thrombi
usually have smooth contours and move synchronously
with adjacent heart wall during the heart cycle. Scanning
at least two or more different views is warranted for
accurate diagnosis of thrombus. Sometimes, thrombi are
visualized as an echo-lucent structure and difficult to be
described. In such cases, the diagnosis may be confirmed
by  the use of intravenous echo-contrast agent to improve
the discrimination between blood  and intra-cavitary
masses.3 Unless thrombi are very large and spreading to
the body of the LA, they are hardly identified by means of
TTE because the LA lies in the far field of the interrogating
ultrasound beam.

The ability of TTE to identify or to exclude LA or LAA
thrombi is limited, with a reported sensitivity of 40-60%,
due largely to poor visualization of the body of LAA. In
contrast, TEE provides detailed visualization of the LA
and LAA from multiple imaging planes, so offers superior
assessment. TEE is the current gold standard diagnostic
method with a reported sensitivity and specificiity for LA
thrombi are 93-100% and 99-100%, respectively.4

The spontaneous echo  contrast (SEC) or smoke like echo
which indicates the predisposing stasis, almost always
accompanies thrombus, especially among those with AF
or left atrial enlargement and may be helpful in the
differentiation of thrombi from tumor or normal anatomy.
SEC is detected by using a high frequency ultrasound-
transducer(>5 MHz, as used in TEE) and high gain
settings. Although most widely studied in the LA and
LAA, SEC may also occur in RA.

LAA is sometimes seen in the parasternal short axis
through the cardiac base and the apical two chamber view.
However, LAA is best evaluated by TEE  at mid-esophageal
view with transducer between 0 and 150 degree along the
LAA axis.5 The ability  to estimate  blood flow velocity in
the  left  atrium and  atrial appendages offers  a more
quantifiable measure of stasis. LAA  mechanical function
can be  evaluated with TEE utilizing  PWD measurement
of  LAA emtying and filling velocites. The velocity of
blood flow at the orifice of the LAA can be sampled by
using  PWD, with a low Nyquist limit and low wall- filter
settings. The PWD sample volume  should be placed 1 cm
inside LAA at transducer angles between 45 and 120. It
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Left ventricular thrombus is most often seen among
patients with extensive   anterior  ST elevation  myocardial
infarction complicated with anteroapical aneurysm
formation. Patients with poor LV function are prone to
stasis and thrombus formation. LV thrombus is seen more
commonly in patients with dilated ventricle.
Echocardiographic indices that correlate with LV
thrombosis  are low ejection fraction (LVEF <40%), high
LV  wall motion scores indices, and high E/Em ratio.3

The  TTE appearance of LV thrombus is variable, and
depends upon its  age. Recent or actively forming
thrombus may appear echo-lucent , and is highly mobile
and disposed to protrude into the center of the ventricular
cavity. Older thrombus  generally has smooth cavitary
surface and texture resembling the  ultrasound appearance
of hepatic tissue. Patients with subacute, protruding, echo-
lucent, and mobile  thrombi are at higher risk of embolic
events, compared with those presented with sessile,
laminated, and organized thrombi. Thrombus has higher
echogenicity than the adjacent myocardium.8

The sensitivity  of TTE for detection  of LV thrombus  may
be suboptimal due to poor image quality and the difficulty

in differentiation of thrombus from normal trabeculation.
In patients with suboptimal acoustic windows  or
prominent LV apical muscle bands and trabeculations
which confound the recognition of thrombus, many experts
recommend the use of  intravenous contrast agents to
enhance the visibility of LV apex to improve the sensitivity
and specificity of thrombus detection by TTE.9

Imaging of LV apex is difficult by TEE. Because thrombus
is often located in the LV apex, it should be suspected
when an akinetic cardiac apex is thickened and rounded.
A foreshortened  image of the LV apex can be minimized
by retro flexing the tip of the TEE probe. A deep
transgastric view(0-20) may provide better resolution
because it is within the near field of the transducer. To
distinguish thrombi from  artifacts, it is necessary to
acquire optimal images in at least two different views,
throughout the cardiac cycle.  Laminated thrombi may
be difficult to visualize clearly, and endocardial border
delineation may be improved by a higher transducer
frequency(>5MHz) and contrast echocardiography.
3Thrombi are common at the LV apex, in aneurysms,
pseudo aneurysm and deep recesses, or between the
trabeculations in which intertrabecular flow can be
demonstrated with color-flow doppler and contrast-
enhanced echocardiography.

Right atrial thrombi:  Thrombus formation is less common
in the right atrium compared with the left atrium. Right
heart thrombi are most often originated by embolization
from a peripheral venous source. Right atrial wall damage
by intracardiac devices may be responsible for RA
thrombi.10 Predisposing factors in situ thrombosis in the
right atrium are indwelling vascular catheters, pacemaker
leads and a prosthetic tricuspid valve. 11RA thrombi may
be diagnosed by TTE but TEE is the best diagnostic tool
available. RA thrombi are usually diagnosed in the setting
of pulmonary embolism, and are describe in 7-18% of
patients with pulmonary embolism. RA thrombi are related
to venous thromboembolic disease, as the RA represents
a transit zone(thrombi in transit or venous cast) on the
pathway between the legs and the pulmonary arteries. 12-

13When a systemic thromboembolic  event occurs, a
paradoxical embolism should be suspected. Another
condition more often linked to systemic thromboembolism
is the thrombus straddling the patent foramen ovale(PFO).It
is best visualized on short axis of the heart. The diagnosis
of a thrombus straddling the PFO is rarely made by TTE.
However , TTE may document the consequences of
pulmonary embolism( dilated right cavities, paradoxical
septum and arterial pulmonary hypertension).

reveals a characteristic pattern that is dependent  upon
the patients underlying rhythm and atrial function. In
patient with sinus rhythm, there are well-defined filling
and emptying waves (peak emptying velocity>55 cm/s). A
low appendage blood flow velocity (<25 cm/s)  is
associated with the presence of appendage thrombus and
denser SEC.6 Thrombogenic risk raises with decreasing
LAA velocity. The risk risk  of stroke increases sharply
with reductions in blood flow velocity(<15cm/s),
particularly  in the left appendage or posterior  LA.7 Above
a thresold  LAA velocity >55 cm/s, thrombus was  ruled
out because this velocity has a negative predictive value
of 100%.

Fig.-1: Measuring LAA emptying velocity by PWD sample

volume within  1 cm inside LAA
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 Right ventricular thrombi occur rarely and are often
diagnosed in the setting of clinical signs of pulmonary
embolism and circulatory collapse. RV dilatation and
systolic dysfunction, such as that seen in dilated
cardiomyopathy or RV infarct may also predispose to  RV
thrombosis.

Therapeutic strategy:

2014  AHA/ACC guidelines recommend  use of the
anticoagulation with vitamin K antagonist(eg.warfarin)  for
mitral stenosis patients with atrial fibrilation, those with
prior embolic events, and those with a LA/LAA thrombus.
The use of anticoagulation in patients in sinus rhythm
with large LA(diameter >55 mm)  recommended by
American College of Chest Physicians (ACCP) evidence -
based  clinical practice  guidelines 2012.

 Spontaneous contrast echo(SEC) , per se, is not
suppressed by anti platelet or anticoagulant therapy and
SEC may also occur in absence of AF, in cases of severely
enlarged and dysfunctional LA. Should  smoke preclude
DC cardioversion of  AF? Not per se, but it should raise
the suspicion of an associated thrombus. The AHA 2018
recommend conservative therapy with 4 weeks of warfarin
before cardioversion if thrombus cannot be excluded on
TEE. The efficacy of  non vitamin K antagonist oral
anticoagulant (NOAC) was comparable to warfarin in
preventing SEC and thrombus in patients with atrial
fibrillation or atrial flutter undergoing DC cardioversion.12

The appearance of right heart thrombi(RHT) and the
underlying heart on echocardiography will determine the
optimal treatment strategy. Once type A of RHT (high risk
RHT are mobile,vessel-shape masses that extend from the
RA across the tricuspid valve  into the RV or PA) has been
identified, the patient should be managed in an ICU setting,
an immediate individualized  treatment options need to be
considered because the natural course of RHT is to migrate
to lungs, potentially causing a catastrophic cardiovascular
collapse. In the largest reported clinical series of type A
RHT, more than one in five patients died within 24 hours (
or nearly 1% per hour) regardless of the approach to
treatment using either thrombolysis or surgical
embolectomy.13

 Warfarin anticoagulation almost abolishes the
embolization risk.14 In addition, warfarin allows intrinsic
lysis of the thrombus or at least, organization and
endothelialization. In fact, 50% of LV thrombi resolve within
6-12 months of anticoagulation while the rest organize
and become laminated. Thus 2013 ACC guidelines
recommend the use of warfarin for at least 3 months in a

patient with LV thrombus  (Class IIa for patient with STEMI
and asymptomatic  LV thrombus and Class IIb for patients
with STEMI and anterior apical akinesis or dyskinesis).
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