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Abstract
Early detection and treatment of left ventricular thrombi (LVT)
in high risk patients is essential to prevent systemic embolization.
Currently the most common imaging modality used to detect these
thrombi is two-dimensional transthoracic echocardiogram (2D-TTE)
due to its low cost, convenience, and ability to provide ancillary
information on cardiac structure and function. Despite these advantages,
2D-TTE alone has been shown to have limited sensitivity in detecting
LVT compared to other available modalities. The addition of threedimensional imaging along with sonographic contrast has proven to
be a simple and effective way to improve the accuracy of identifying
these masses. We present a case in which a large LVT may have gone
undetected without the addition of 3D imaging.
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Case Presentation
A 30-year-old female with heart failure with reduced ejection
fraction diagnosed in 2010, status post implantable cardioverter
defibrillator placement in 2012, and splenic infarct in 2012 presented
for her first echocardiogram in four years at the request of her primary
care physician. Since the discovery of the splenic infarct she had been
anticoagulated with warfarin, one of the most common blood-thinning
medications, but had been non-adherent for two months prior to this
evaluation. Her symptoms were consistent with New York Heart
Association functional class 3B but she denied any new symptoms
over the past several months. Due to her increased risk of LVT, a
2D-TTE was performed with the addition of Definity contrast to better
delineate blood and cardiac tissue. The results of her study showed a
severely dilated left ventricle with an ejection fraction of <15%, grade
III diastolic dysfunction consistent with markedly increased left atrial
pressure, and a questionable thrombus on the anterior wall on the left
ventricle (Figure 1 and movie clip 1). To better visualize the possible
thrombus, real-time three-dimensional imaging was performed which
clearly showed a large, fixed (sessile) anterior wall mural thrombus
measuring 40 x 16 mm (Figure 2 and 3 and movie clip 2 and 3). In
addition to medical therapy for her heart failure, she was anticoagulated
with warfarin and heparin with a goal international normalized ratio
(INR) of 2-3. The INR is a standardized test that assesses the ability
of the blood to clot, with a normal INR ranging from 0.8-1.1. With
the identification of her LVT, her goal INR was increased to treat and
prevent further blood clots, as it is in all patients with blood clots who
are treated with warfarin. Unfortunately, the patient left against medical
advice three days after initiation of therapy with an INR of 1.5. Because
she had not reached her goal and required further anticoagulation, in
addition to warfarin she was given Lovenox, an injectable low-molecular

weight heparin to treat and prevent blood clots. She was instructed to
follow up with her cardiologist within one week of discharge.

Discussion
The aim of our report was to emphasize the role of three dimensional
imaging in patients who are at greatest risk for LVT. Patients who are
at risk for LVT include those with stroke, TIA, or systemic embolism;
recent anterior myocardial infarction; left ventricular aneurysm; and
patients with heart failure with reduced ejection fraction [1]. Currently
the most common modality used to detect LVT is 2D-TTE due to its
convenience, availability, portability, low cost, and ability to provide
ancillary information on cardiac structure and function [2]. Among
high risk patients receiving 2D-TTE without Definity contrast for
the purpose of assessing LVT, the sensitivity and specificity were
previously reported to be 92-95% and 86-88%, respectively [3,4]. In
a more recent study by Weinsaft et al. [5] assessing a similar cohort of
patients for LVT, 2D-TTE was found to have a sensitivity of only 60%
and specificity of 88%. While our focus was on the evaluation of high
risk patients, it is important to note that there is a large discrepancy in
the identification of LVT between these patients and patients receiving
2D-TTE for non-thrombotic indications (sensitivity of 26%) [5].
The accuracy of detecting LVT is greatly increased with the
addition of contrast and 3D reconstruction. Without the use of contrast,
10-15% of 2-dimensional echoes have been reported as technically
difficult while 46% are determined to be inconclusive for LVT [6]. With
the benefit of improved image quality through cavity opacification,
specifically at the LV apex, the addition of contrast to 2D-TTE nearly
doubled the sensitivity of diagnosing LVT (61% vs 33%) in patients
with myocardial infarction or heart failure [7,8].
Despite the benefits of contrast, the thrombus seen in this case
presentation could have easily been missed without 3D reconstruction.
It is well known that three-dimensional transthoracic echocardiogram
(3D-TTE) is not limited by imaging planes or foreshortening, which are
potential pitfalls in 2D-TTE. 3D-TTE has inherent capability to obtain
a “whole-heart” image and is not limited by geometric assumptions.
With the ability to visualize the thrombus from any angle and crop

Movie clip 1: Two-dimensional transthoracic echocardiogram apical
four-chamber and two-chamber view with Definity contrast shows a
severely dilated left ventricle with an ejection fraction of <15%. RA =
right atrium; LA = left atrium; RV = right ventricle; LV = left ventricle;
red arrow points to questionable thrombus; yellow arrow points to
implantable cardioverter defibrillator lead.
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Figure 1: Two-dimensional transthoracic echocardiogram parasternal short-axis view (1A), apical four-chamber view (1B), and apical fourchamber and two-chamber view with Definity contrast (1C) shows a severely dilated left ventricle with an ejection fraction of <15% and a
questionable thrombus on the anterior wall on the left ventricle. RA = right atrium; LA = left atrium; RV = right ventricle; LV = left ventricle; red
arrow points to questionable thrombus; yellow arrow points to implantable cardioverter defibrillator lead.

Figure 2: Transthoracic echocardiogram using single beat full volumetric real-time three-dimensional acquired images illustrates a large, fixed
(sessile) anterior wall mural thrombus. LA = left atrium; RV = right ventricle; LV = left ventricle; red arrow points to a thrombus.
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Figure 3: Two-dimensional transthoracic echocardiogram off-axis apical four-chamber with Definity contrast illustrates a large, fixed (sessile)
anterior wall mural thrombus. RV = right ventricle; LV = left ventricle; red arrow points to a thrombus.
the image on an unlimited number of planes [9], the questionable
thrombus in our patient, seen in Figure 1, became much more definitive
after adding 3D imaging, as seen in figure 2. Its benefit of clarifying
inconclusive findings was also demonstrated by Chamoun et al. [10],
as evidenced by an interobserver agreement coefficient of 63% for 2D
versus 93% for 3D (regarding agreement on positive and inconclusive
findings of LVT). Advantages of 3D-TTE are also evident in its
increased sensitivity, which was found to be 100% in patients with
anterior myocardial infarction compared to just 60% using the standard
2D-TTE [2].

Movie clip 2: Transthoracic echocardiogram using single beat full
volumetric real-time three-dimensional acquired images illustrates a
large, fixed (sessile) anterior wall mural thrombus. LA = left atrium;
RV = right ventricle; LV = left ventricle; red arrow points to a thrombus.

Our evaluation of the possible thrombus began with 2D-TTE with
Definity contrast, as many academic centers do, with progression to
3D-imaging to further delineate the mass. Currently there is limited
data evaluating the difference in identification of LVT between real time
3D-TTE without contrast versus contrast-enhanced 3D-TTE. However,
given the diagnostic advantages and simplicity in adding both contrast
and 3D imaging to the standard 2D-TTE, we believe it is advantageous
to use both modalities in the high risk patients previously identified.
Adequate visualization of the thrombus has therapeutic implications
as well, given that accurate measurement of its size allows the
physician to predict embolic potential and monitor the effectiveness of
anticoagulation9. While other imaging modalities such as cardiac MRI,
CT, and even 4D echocardiography (examining structures in motion)
have proven effective for identifying and measuring LVT, conventional
echocardiography has clear advantages over these modalities with
respect to low cost, portability, and availability.

Conclusion

Movie clip 3: Two-dimensional transthoracic echocardiogram off-axis
apical four-chamber with Definity contrast illustrates a large, fixed
(sessile) anterior wall mural thrombus. RV = right ventricle; LV = left
ventricle; red arrow points to a thrombus.

Addition of 3D imaging to routine 2D-TTE can be done rapidly
with minimal additional time and can have significant diagnostic and
therapeutic implications in the management of patients who are high
risk for LVT. The addition of contrast and 3-dimensional imaging to
the standard 2D-TTE should be considered for assessment of LVT in
patients with stroke, systemic embolism, recent anterior myocardial
infarction, left ventricular aneurysm, or patients with heart failure with
reduced ejection fraction.
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