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Abstract
Objectives—To evaluate performance characteristics of routine echo for LV thrombus (LVT).

Background—While the utility of dedicated echocardiography (echo) for LVT is established,
echo is widely used as a general test for which LVT is rarely the primary indication. We used
delayed enhancement cardiac magnetic resonance (DE-CMR) as a reference to evaluate LVT
detection by routine echo.

Methods—Dedicated LVT assessment using DE-CMR was prospectively performed in patients
with LV systolic dysfunction. Echoes were done as part of routine clinical care. Echo and CMR
were independently read for LVT and related indices of LVT size, shape, and image quality/
diagnostic confidence. Follow-up was done for embolic events and pathology validation of LVT.

Results—243 patients had routine clinical echo and dedicated CMR within 1 week without
intervening events. Follow-up supported DE-CMR as a reference standard, with >5-fold difference
in endpoints between patients with vs. without LVT by DE-CMR (p=0.02). LVT prevalence was
10% by DE-CMR. Echo contrast was used in 4% of patients. Echo sensitivity and specificity were
33% and 91%, with positive and negative predictive values of 29% and 93%. Among patients with
possible LVT as the clinical indication for echo, sensitivity and positive predictive value were
markedly higher (60%, 75%). Regarding sensitivity, echo performance related to LVT
morphology and mirrored cine-CMR, with protuberant thrombus typically missed when small
(p<0.02). There was also a strong trend to miss mural thrombus irrespective of size (p=0.06).
Concerning positive predictive value, echo performance related to image quality, with lower
diagnostic confidence scores for echoes read positive for LVT in discordance with DE-CMR
compared to echoes concordant with DE-CMR (p<0.02).
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Conclusions—Routine echo with rare contrast use can yield misleading results concerning
LVT. Echo performance is improved when large protuberant thrombus is present and when the
clinical indication is specifically for LVT assessment.
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Introduction

Methods

Population

In clinical practice, echocardiography (echo) is widely accepted as the primary screening
test for left ventricular (LV) thrombus.1: 2 This approach is supported by multiple studies
showing that echo performs well as a test for LV thrombus when imaging is tailored for this
purpose.3~> More recently, sonographic contrast has been shown to further improve
diagnosis of LV thrombus.5: 7 Indeed, prior research by our group and others has
demonstrated that a routine strategy of echo contrast use in at-risk patients can markedly
improve LV thrombus assessment, reducing both false positives and false negatives.8: 9

While the utility of dedicated echo for LV thrombus is established, echo is widely performed
as a general screening test of cardiac structure and function for which thrombus is rarely the
primary indication.19 Echo contrast use also remains low,! possibly attributable to recent
FDA mandated product safety label warnings'2 and resultant controversy surrounding
widespread utilization.11: 13. 14 Thus, for many patients at risk for LV thrombus such as
those with systolic dysfunction, both the primary indication and the use of echo contrast for
LV thrombus is rare. As echo is the most common imaging test in the United States,1° better
understanding of its performance characteristics in a real life clinical setting is of substantial
importance.

Delayed enhancement cardiac magnetic resonance (CMR) can establish LV thrombus based
on avascular tissue characteristics, an approach that has been shown to be highly accurate in
multiple validation studies.® 16-18 As DE-CMR is non-invasive, it holds the added utility of
studying LV thrombus in broad at-risk populations for whom an invasive standard such as
surgical pathology would be impractical. To date, DE-CMR has not been used to study
factors that influence performance of routine clinical echo for detection of LV thrombus.

We have previously reported the results of a prospective registry in which patients with LV
dysfunction underwent dedicated CMR thrombus imaging and were thereafter followed for
prognostic assessment.1® In this prior study, only cine- and DE-CMR were compared and
echo was not part of the research protocol. For the current study, we evaluated registry
patients in whom echo was performed as part of clinical care. The goal was to employ DE-
CMR as a means to investigate real life practice patterns and performance characteristics of
routine echo for LV thrombus.

The study population was accrued from an ongoing CMR registry of consecutive patients at
Duke University with LV systolic dysfunction. The sole criterion for registry participation
was impaired systolic function, defined as a left ventricular ejection fraction (LVEF) below
50% measured quantitatively on cine-CMR. No patients were excluded based on clinical
characteristics or other criteria. As previously reported,18 the CMR imaging protocol
entailed tailored (cine and delayed enhancement [DE]) imaging for dedicated LV thrombus
assessment. Comprehensive clinical data was collected at the time of CMR, including
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coronary risk factors, revascularization history, and medication regimen. Echocardiography
was not a component of the registry protocol.

For the current study, clinical records were queried for all registry patients who underwent
echo within 1 week of CMR. Echo was performed as part of routine care at the discretion of
treating clinicians. To standardize interpretation of thrombus and assess imaging factors that
could potentially impact echo performance, echoes were retrieved from image archives and
interpreted for the express purpose of this study by experienced (AHA/ACC level I11)
readers blinded to patient identifiers or CMR results. Echoes were also reviewed for factors
that could potentially impact performance characteristics, including sonographic contrast use
and clinical indication for echo.

In accordance with the established registry protocol,*® prospective follow-up was performed
for endpoints consistent with presence or absence of thrombus by imaging. For the current
investigation, follow-up was examined in the sub-cohort of registry patients that underwent
CMR and echo. The follow-up protocol consisted of two components: First, all records were
carefully reviewed in patients who had direct inspection and pathology evaluation of the left
ventricle (i.e. patients who underwent heart transplantation, LV aneurysmectomy, or
necropsy) within 6 months of imaging. Second, follow-up was performed for identification
of clinical embolic events that were highly suggestive of the presence of LV thrombus.
These events consisted of a documented cerebrovascular accident (CVA) or transient
ischemic attack (TI1A) that occurred within 6 months of imaging. Concordant with
established criteria,1% 20 CVA was defined as an acute neurologic deficit of presumed
vascular origin lasting =24 hours, and TIA a deficit lasting < 24 hours. Clinical information
was obtained via: (1) telephone interview with the patient, or, if deceased, with family
members, (2) contact with the patient’s physician, and (3) hospital records. All reported
clinical events (CVA, TIA) were confirmed based on medical documentation by a treating
physician. Death was not considered evidence of LV thrombus unless attributed to a
cerebrovascular embolic event.

This study was performed with the approval of the Institutional Review Board at Duke
University; all patients provided written informed consent.

Image Acquisition

Cardiac Magnetic Resonance—CMR was performed using 1.5-Tesla scanners
(Siemens Sonata or Avanto). The pre-specified CMR protocol consisted of two components
- cine-CMR for anatomical/functional assessment and DE-CMR for tissue characterization.
Cine-CMR used a steady-state free-precession sequence (typical TR, 3.0 ms; TE, 1.5 ms; in-
plane spatial resolution, 1.7x1.4 mm; temporal resolution, 35-40 ms). DE-CMR, performed
10-30 minutes after gadolinium (0.15 mmol/kg) administration, used a segmented
inversion-recovery sequence (in-plane spatial resolution, 1.8x1.3 mm, temporal resolution
160-200 ms). Cine and DE-CMR were obtained in matching short and long-axis planes
(slice thickness 6 mm). Short-axis images were acquired every one centimeter (gap, 4 mm)
throughout the entire LV. Long-axis images were obtained in standard two, three, and four-
chamber orientations.

On standard DE-CMR (tailored to null viable myocardium; inversion time [T1] 250-350
msec) thrombus typically had an etched appearance (grey centrally, black border) whereas
viable myocardium was black and infarcted myocardium white. As we have previously
reported,’® the diagnosis of thrombus by standard DE-CMR can sometimes be challenging
as both viable myocardium and thrombus appear relatively dark and are difficult to
distinguish from one another. Although contrast uptake is low in viable compared to
infarcted myocardium, it is not zero as is the case with avascular tissue such as thrombus
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and the difference in contrast uptake between viable myocardium and thrombus can be used
to improve the conspicuity of thrombus. Thus, a tailored DE-CMR sequence was designed
in which the inversion time was increased from that needed to null viable myocardium
(250-350 msec) to a fixed time (600 msec) needed to selectively null avascular tissue such
as thrombus.2! With this “long inversion time” (long-T1) sequence, regions with contrast
uptake (i.e. LV cavity and myocardium) appear bright, thrombus appears homogeneously
black, and there is improved thrombus delineation.18

Echocardiography—Transthoracic 2D-echocardiograms were obtained by experienced
sonographers on commercially available equipment (Sonos-5500 or 7500, Philips
Healthcare Andover MA) with phased and sector array transducers. Echoes were acquired in
standard parasternal short- and long-axis as well as apical 2-, 3- and 4-chamber imaging
planes in accordance with American Society of Echocardiography consensus guidelines.22

All echoes were performed as part of routine clinical practice; sonographer protocols were
not altered for the current study. Echo contrast agents (perflutren lipid [Definity] or protein
[Optison] microspheres) were selectively utilized for cavity opacification and endocardial
border delineation if deemed clinically necessary at the time of imaging. Images were
digitally stored, viewed, and analyzed using Xcelera workstations (Philips Healthcare,
Andover MA). In accordance with echo lab standards at our institution, images were
displayed at a typical frame rate of 30 frames per second.

Data Analysis

Thrombus Assessment—Images were interpreted by consensus of two experienced
readers (level-3 trained in CMR and echo) who were blinded to subject identifiers, clinical
history, and all prior imaging tests (echo and CMR). A pre-designated third reader was
consulted in cases of interpretive discordance (cine-CMR 1%, DE-CMR 4%, echo 11%).
Studies were read in random order. Each modality was interpreted independently of the
others.

For DE-CMR, thrombus was identified as an LV mass with post-contrast inversion-recovery
characteristics consistent with avascular tissue;17- 18 Thrombus appeared as a low signal
intensity mass surrounded by high-signal intensity structures such as intracavitary blood
and/or hyperenhanced myocardial infarction on DE-CMR. Established criteria?l: 23 were
used to distinguish thrombus from acute myocardial infarction with microvascular
obstruction, which may also appear as a filling defect. Differentiating features included: (a)
surrounding structures (no-reflow zones should be completely encompassed by
hyperenhanced myocardium or LV cavity); (b) appearance (no-reflow occurs within the
myocardium, thrombus in the LV cavity); and (c) stability of size on consecutive DE-CMR
acquisitions (no-reflow size shrinks from contrast fill-in at the periphery, thrombus size is
stable). When thrombus was identified, morphology was classified as protuberant (if borders
were distinct from endocardial contours with protrusion into LV cavity) or mural (borders
were contiguous with adjacent endocardial contours),24 with exams independently re-
interpreted to assess intra- and inter-reader reproducibility. Thrombus volume was measured
quantitatively via planimetry. Thrombus location was scored based on the nearest
myocardial tissue using a standard 17-segment LV model.

For echo and cine-CMR, thrombus was diagnosed using established anatomic criteria.2>
Thrombus was defined as a mass within the LV cavity with margins distinct from
ventricular endocardium and distinguishable from papillary muscles, chordae,
trabeculations, or technical artifact. Thrombus was diagnosed based on review of parasternal
short and long axis images, and apical 2-, 3-, and 4-chamber images. Echoes interpreted as
positive for thrombus were scored for diagnostic confidence on a 3-point scale (low,
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medium, high confidence) based on clarity of thrombus definition (distinct borders,
independent mobility pattern) and overall image quality (endocardial border definition, LV
cavity artifacts).

Left Ventricular Quantification—LVEF and LV volumes were quantified on the basis
of end-diastolic and end-systolic endocardial contours from the stack of short-axis cine-
CMR images. Regional wall motion and scarring were assessed on a standard 17-segment
model using previously described methods.26 Regional function on cine-CMR was graded
on a 5-point scale as follows: 0=normal contraction; 1=mild-to-moderate hypokinesia;
2=severe hypokinesia; 3=akinesia; 4=dyskinesia. Regional scarring based on area of
hyperenhanced (bright) myocardium on DE-MRI was graded on a 5-point scale as follows:
0=no hyperenhancement; 1=1-25%; 2=26-50%; 3=51-75%; 4=76-100%. Global scar size
as a percentage of LV myocardium was calculated by summing the segmental scores (each
weighted by the midpoint of the range of hyperenhancement) and dividing by the total
number of regions.2’

Statistical Methods

Results

Continuous data (expressed as mean+SD) were compared using two-sampled t-tests. Non-
normally distributed data (expressed as median and 25'"-75t percentile) were compared
using the Wilcoxon rank-sum test. Comparison of thrombus volumes were made after
logarithmic transformation; results are expressed as the antilog of the mean and 95%
confidence intervals. Chi square tests were used to compare discrete data between groups; in
those cases where the expected cell count was <5, Fisher’s exact test was used. McNemar’s
test was used for paired comparisons of discrete variables. All statistical tests were two
tailed; p-values <0.05 were regarded as significant.

Population Characteristics

The study population consisted of 243 patients who underwent routine clinical echo and
dedicated registry CMR within a 1 week (1.5£2.7 day) interval. The most common clinical
indications for echo were to assess LV (92%) and/or valve (29%) function. Assessment
following CVA/TIA/systemic embolism was uncommon (2.5%; n=6), as was evaluation for
possible LV thrombus (5%; n=13; known LV aneurysm/apical dysfunction, n=5; prior
documented LV thrombus, n=4; recent CVA, n=3; anterior MI, n=1).

Table 1 details patient characteristics, with comparison between the current study population
and registry patients. Patients with echo were relatively similar to those without echo based
on age, prior thrombo-embolic events, and rates of warfarin use. However, they were more
often female and were less likely to have prior coronary revascularization and ischemic
cardiomyopathy. Additionally, echo patients were more likely to have advanced systolic
dysfunction as measured by LVEF or regional wall motion score (both p<0.0001).
Consistent with this, prevalence of thrombus by DE-CMR was slightly greater among the
echo study population vs. registry patients who did not undergo echocardiography (10% vs.
6%, p=0.04).

Follow-up Validation

Follow-up was performed as part of the registry protocol for endpoints supporting the
imaging diagnosis of thrombus (CVA, TIA, pathology verification). Of the 243 patients with
echo, 216 (89%) had complete follow-up for the entire 6-months after imaging. Patients with
follow-up were similar to those without follow-up (n=27) based on prevalence of thrombus
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by DE-CMR or echo, LVEF, or clinical indices such as age, diabetes, or hypertension (all
p=NS).

Figure 1 shows the rate of study endpoints for groups stratified by the presence or absence
of thrombus as determined by imaging. Previously reported results of the overall registry are
shown for comparison. For DE-CMR, patients with thrombus had over a 5-fold higher rate
of endpoints than those without thrombus (16.7% vs. 3.1%, p=0.02), a proportion similar to
the > 7-fold difference in the overall registry.1® There was a 1.8-fold difference in endpoints
when patents were stratified by presence or absence of thrombus by echo (7.7% vs. 4.2%,
p=0.34). Rate of endpoints was lower among patients with thrombus by echo compared to
DE-CMR despite the fact that patients with thrombus by echo tended less likely to be
anticoagulated than were patients with thrombus by DE-CMR (36% vs. 63%, p=0.054).

Prevalence of LV Thrombus

DE-CMR identified LV thrombus in 10% (n=24) of patients whereas echo was read as
positive in 12% (n=28). Despite similar overall prevalence by echo and DE-CMR (p=0.5),
there was substantial discordance between modalities, as evidenced by the fact that only 8
patients had thrombus concordantly detected by echo and DE-CMR. Figure 2 provides a
representative example of discordance between techniques, with echo read as negative and
DE-CMR read as positive in a patient with thrombus verified by pathology.

Echo Contrast Use

Echo contrast was administered in 4% (n=10) of patients. Of the 10 patients who received
echo contrast, 2 had thrombus by DE-CMR and eight were negative. Echo was negative for
thrombus in all 10 of these cases (accuracy 80%).

Diagnostic Performance

Table 2 reports diagnostic performance of echo and cine-CMR using the reference of DE-
CMR. Echo yielded a sensitivity of 33% and specificity of 91%, and positive and negative
predictive values of 29% and 93% respectively. Although overall sensitivity and positive
predictive value were limited, echo performance varied based on clinical indication, with
sensitivity increased more than 2-fold (60% vs. 26%) and positive predictive value more
than 3-fold (75% vs. 21%) for echoes performed for the clinical indication of LV thrombus
assessment compared to those performed for non-thrombus indications.

Cine-CMR, which was acquired using a tailored thrombus protocol and analyzed for
thrombus using the same criteria as echo, was used to provide insight into echo performance
by testing the degree to which optimized anatomic imaging might impact diagnosis of LV
thrombus. As shown in Figure 3A, echo sensitivity was 50% among cases in which cine-
CMR detected thrombus whereas sensitivity was only 10% in which cine-CMR missed
thrombus (p=0.08). Regarding positive predictive value, Figure 3B stratifies the diagnosis of
thrombus first by echo and then by cine-CMR. Among cases where cine-CMR diagnosed
thrombus, positive predictive value of echo was 88%: When cine-CMR was negative for
thrombus, positive predictive value of echo was 5% (p<0.0001).

Echo results also demonstrated that positive predictive value was related to image quality/
diagnostic confidence. Echoes read for thrombus in discordance with DE-CMR had lower
diagnostic confidence scores (assigned at the time of blinded interpretation) than echoes
with concordant thrombus assessment to DE-CMR (1.95+0.69 vs. 2.63+0.51, p < 0.02).
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Thrombus Morphology

Among the 24 cases of DE-CMR evidenced thrombus, 17 were classified as protuberant and
7 as mural. Reproducibility was high for both inter (23/24) and intra-reader (23/24)
classification of thrombus morphology (kappa=0.90, 95% CI = 0.69-1.0). Table 3 reports
echo performance according to thrombus morphology (3A) and size (3B). As shown, echo
was far less likely to identify mural thrombus, with nearly all protuberant thrombi detected
(7/8; p=0.06). Improved detection of protuberant thrombus occurred despite the fact that
protuberant and mural thrombi were, on average, virtually identical in size (2.9cm3). Further
stratification demonstrated that, for protuberant thrombus, size was a major determinant of
echo detection. As shown in Table 3B, protuberant thrombi detected by echo were over 4—
fold larger than those missed (6.6 vs. 1.3 cm3, p=0.02). Echo performance paralleled that of
cine-CMR, for which detected protuberant thrombi were over 6-fold larger than those
missed (4.9 vs. 0.8 cm3, p<0.01).

Discussion

Echocardiography is the most common cardiac imaging test in the United States,® with over
21 million exams performed annually.28 While the utility of echo for the dedicated purpose
of diagnosing LV thrombus is established,3-> echo is commonly used as a general screening
test and rarely performed for the specific indication of LV thrombus.10 We believe the
current study is the first to assess performance characteristics of routine echo for detection
of LV thrombus. Major new findings include (1) how routine echo performs as a test for LV
thrombus in context of everyday clinical practice, (2) factors that impact LV thrombus
assessment — including fixed (i.e. thrombus morphology) and potentially modifiable (i.e.
image quality) indices, and (3) magnitude of improvement to be expected if echo protocols
were optimized for detection of LV thrombus based on anatomical appearance.

It is important to recognize that this study should not be construed as an equivalent
comparison between diagnostic tests — echo vs. DE-CMR. This would require sonographic
contrast use in all patients, a strategy previously tested in our prior research.8 For our current
study, DE-CMR was performed in a dedicated manner using tailored LVT imaging to make
sure that our reference standard was optimized, whereas echo was performed according to
routine clinical practice. With this approach, we sought to examine current clinical practice
patterns for echo, and to determine factors that impact echo performance for assessment of
LVT. One of the primary findings is that echo performance varied by indication for testing,
as evidenced by over a 2-fold higher sensitivity (60% vs. 26%) and 3-fold higher positive
predictive value (75% vs. 21%) among exams performed for the specific clinical indication
of LV thrombus.

In this real life clinical cohort, echo contrast was rarely used (4%). It is highly likely that
echo performance in this study would have substantially improved were sonographic
contrast used more frequently.® This low rate of echo contrast use is reflective of national
practice patterns. In a recent multicenter study encompassing over 4.3 million patients, echo
contrast was utilized in only 1.4% of exams.11 However, this study was a survey of a
general population and may not apply to our cohort of patients with systolic dysfunction, in
whom echo contrast may be particularly useful for semi-quantitative evaluation of LV
systolic performance as well as thrombus.

The importance of echo contrast is well established. In prior research by our group among
patients at risk for thrombus,® an obligate strategy of echo contrast yielded nearly a 2-fold
increase in echo sensitivity (33% vs. 61%) for thrombus as established by the reference
standard of DE-CMR. This concept was also demonstrated by Kurt et al,® who studied
patients with technically difficult echo and reported that use of contrast excluded thrombus
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in 34 of 35 patients in whom non-contrast echo was positive, while detecting thrombus in 5
additional patients in whom non-contrast echo was negative. Whereas consensus guidelines
recommend that echo contrast be used in cases of suboptimal image quality,22 29 low echo
contrast utilization rates persist despite the fact that 15% of echoes without contrast have
been reported to be technically difficult® and up to 46% are inconclusive for LV thrombus.8
Our results demonstrate the importance of diagnostic uncertainty concerning LV thrombus:
Echoes read positive for thrombus in discordance with DE-CMR were assigned lower
diagnostic confidence scores than those read in concordance with DE-CMR (p<0.02). Taken
together, these findings demonstrate the importance of optimized imaging protocols,
including the frequent use of contrast, when echo is to be used to diagnose LV thrombus.

To better elucidate the magnitude of improvement in echo performance that could be
expected if imaging protocols were optimized, our analysis included comparison of echo to
cine-CMR - a test that provides excellent endocardial border definition3? while identifying
thrombus using the same anatomical criteria as echo. Echo results generally tracked cine-
CMR, with both echo sensitivity (p=0.08) and positive predictive value (p<0.0001)
improved when limited to patients in whom cine-CMR also detected thrombus. Cine-CMR
did identify thrombus in an additional 7 patients in whom routine echo was negative, and it
is likely that echo would have also detected these if imaging were tailored for optimized
thrombus assessment. On the other hand, even cine-CMR missed nearly half (42%) of
thrombi detected by DE-CMR, suggesting that echo limitations are not modality specific but
are partially attributable to detection of thrombus based on anatomic rather than tissue-
characteristic based criteria. Regarding this point, it is important to recognize that perfusion
echo can be also used for tissue characterization, and this approach has been shown to be
useful for assessment of thrombus.31 While promising, perfusion echo is not performed as
part of routine clinical practice at our center and thus was not incorporated in the current
study.

Stratification of thrombus detection based on morphology and size demonstrated parallels
between echo and cine-CMR. For both echo and cine-CMR, protuberant thrombus was more
likely to be detected when large (p<0.02). Mural thrombus was less likely to be detected by
echo irrespective of size (p=0.06), and this finding paralleled results for the overall
registry,18 in which cine-CMR was shown to miss over half (58%) of all mural thrombi
detected by DE-CMR.

Our current findings extend results of prior studies comparing echo to DE-CMR. Srichai et
al,1” who studied patients with aneurysms undergoing LV reconstruction surgery, reported
that sensitivity of transthoracic echo for thrombus was 23% compared with 88% for CMR.
All patients in this study had pathology validation of the imaging diagnosis of thrombus.
However, in contradistinction to our study, all patients were at high pre-test probability for
LV thrombus, imaging reports were retrospectively reviewed instead of primary
interpretation of images, and neither cine-CMR nor DE-CMR were analyzed as independent
tests. Mollet et al23 reported that the sensitivity of echo was 42% vs. the reference of DE-
CMR. However, this study evaluated a small cohort of 57 patients with CAD and no
independent standard for thrombus was applied. In a separate study by our group, conducted
primarily among patients with acute M, sensitivity of contrast echo was 61%.8 However,
these echoes were performed as part of a research protocol that required obligate
sonographic contrast use in all patients.

A central aspect of our study concerns our use of prospective follow-up to validate the
imaging detection of LVT. Whereas dedicated DE-CMR yielded over a 5-fold difference in
endpoints between patients with and without LV thrombus (p=0.02), routine echo yielded a
1.8 fold difference (p=0.34). Prior echo studies have yielded conflicting results regarding the
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clinical risks of LV thrombus, with some reporting that thrombus does32 33 and others that
thrombus does not34 3 increase embolic events risk. Our results may potentially explain the
conflicting prior data, demonstrating that while LV thrombus is inherently associated with
increased thrombo-embolic event risk, this association may be missed if imaging is
suboptimal. As thrombus can be effectively treated with anticoagulation, our findings
regarding the clinical risks of thrombus and the importance of optimized imaging for LV
thrombus assessment bear important clinical and therapeutic implications. However, one
limitation of our data concerns the fact that although anticoagulation status was obtained
after imaging, long-term status was not serially assessed throughout follow-up. It is possible
that the timing and intensity of warfarin treatment may have been suboptimal in some
patients with thrombus, and this may have impacted risk for thrombo-embolic events.

In summary, our study provides new data concerning routine clinical echo as a screening test
for LV thrombus. Among this diverse cohort of patients with systolic dysfunction, routine
echo with rare use of contrast often yielded misleading results concerning presence or
absence of thrombus; Echo performance improved when imaging was performed for the
specific indication of LV thrombus. Diagnostic performance of echo paralleled cine-CMR,
with higher echo sensitivity and positive predictive value among patients in which cine-
CMR was positive for thrombus. Like cine-CMR, echo was less likely to detect protuberant
thrombus when small, although mural thrombus was frequently missed independent of size.

Results of this study add to a growing body of literature that has demonstrated the utility of
DE-CMR for LV thrombus assessment in high-risk populations, such as individuals with
advanced LV systolic dysfunction, aneurysms, and/or large myocardial infarctions. A
dedicated DE-CMR protocol, including use of long-TI imaging, could be used to confirm
the diagnosis of LV thrombus by routine echo in cases when diagnostic confidence is low or
sonographic contrast use is not used. However, these findings should be confirmed by other
groups before recommending broad changes in practice patterns regarding imaging for LV
thrombus. Future research is also necessary to compare the relative utility of dedicated
thrombus imaging by tailored echo and DE-CMR for prognostic assessment and therapeutic
management of patients at risk for LV thrombus.
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Figure 1. Follow-up Endpoints in Relation to Imaging Findings

Stratification of patients with follow-up according to presence or absence of thrombus by
DE-CMR vyielded over a 5-fold difference in study endpoints (TIA, CVA, or pathology-
verified thrombus) between groups whereas stratification according to echo thrombus
yielded a 1.8 fold difference (red = thrombus +, blue = thrombus-).
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Figure 2. Typical Example of LV Thrombus Assessment by Routine Echo and Dedicated DE-
CMR

Routine echo (2A) demonstrates absence of thrombus but prominent near field artifact
within the LV apex resulting in suboptimal image quality. DE-CMR (2B) demonstrates a
large mural thrombus adherent to the LV anterior wall (asterisk) as well as absence of apical
thrombus. Note that thrombus on DE-CMR appears black on long TI (left) and etched on
standard TI (right) imaging.

DE-CMR findings were confirmed by direct surgical inspection of the LV and
histopathology examination (2C) (H&E stain, high power) of surgically resected material,
which demonstrated a thrombus with organizing features (prominent collagen and fibrin
content) adjacent to the LV anterior wall.
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Figure 3. Imaging Results Concerning LV Thrombus

Echo Positive Predictive Value

CineCMR+ ' Cine-CMR-
88% : 5%
(718) : (1/20)

Echo results concerning the diagnosis of thrombus stratified by cine- and DE-CMR findings
(red = thrombus +, blue = thrombus -). Both echo sensitivity (3A) and positive predictive
value (3B) were higher among cases in which thrombus was also evidenced by cine-CMR
vs. those in which cine-CMR was negative. While cine-CMR appropriately detected
thrombus in an additional 7 patients with negative echo, both tests were negative in 9/24
patients with thrombus by DE-CMR tissue characterization.
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Patient Characteristics

Table 1

Parameter Study Population  Registry Patients without Echo P
(n=243) (n=541)
CLINICAL
Age (year) 60 + 15 61+ 14 0.86
Male gender 63% (154) 74% (398) 0.004
Atherosclerosis Risk Factors
Diabetes Mellitus 35% (86) 26% (142) 0.009
Hypertension 61% (149) 59% (320) 0.57
Tobacco Use 24% (58) 29% (156) 0.15
Hypercholesterolemia 39% (94) 57% (306) <0.0001
Prior Myocardial Infarction 44% (108) 50% (269) 0.17
Coronary Revascularization 28% (67) 40% (268) <0.0001
Percutaneous Intervention 16% (39) 31% (169) <0.0001
Coronary Artery Bypass Grafting 17% (42) 27% (147) 0.003
Ischemic Cardiomyopathy 63% (154) 74% (401) 0.002
Atrial Fibrillation 19% (45) 14% (74) 0.08
Lifetime History of Prior Cerebrovascular Event
Cerebrovascular Accident (CVA) 9% (22) 7% (37) 0.28
Transient Ischemic Attack (TIA) 7% (16) 4% (22) 0.13
Therapeutic Regimen
Aspirin 58% (140) 69% (371) 0.003
Warfarin 14% (35) 19% (101) 0.14
Thienopryidines 6% (16) 18% (98) <0.0001
Beta-blocker 51% (125) 71% (386) <0.0001
ACE-Inhibitor 46% (111) 63% (343) <0.0001
Angiotensin Receptor Blocker 6% (15) 13% (70) 0.005
Loop diuretic 31% (76) 45% (244) 0.0003
Spironolactone 11% (26) 18% (96) 0.02
Digoxin 16% (39) 28% (150) 0.0004
Nitroglycerin 28% (150) 18% (44) 0.004
CARDIOVASCULAR MAGNETIC RESONANCE
Left Ventricular Thrombus (DE-CMR) 10% (24) 6% (31) 0.04
Left Ventricular Function and Morphology
Ejection Fraction (%) 28+11 33+10 < 0.0001
Wall motion score 1707 1.5+0.7 <0.0001
% LV with akinesis or dyskinesis 24% (6 -41) 24% (6 - 35) 0.054
End-diastolic volume (ml) 210+ 89 206 + 85 0.50
End-systolic volume (ml) 156 + 83 142+ 79 0.03
Aneurysm present 16% (38) 12% (63) 0.12

Left Ventricular Infarction
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Parameter Study Population  Registry Patients without Echo P
(n=243) (n=541)
Myocardial Infarction (presence) 71% (172) 75% (404) 0.25
Infarct size (% LV) ¥ 10% (0 - 25) 16% (0 - 29) 0.03
% LV with >50% transmural infarction * 0% (0-24) 12% (0-29) 0.002

Numbers in boldface indicate P values < 0.05

*
Expressed as median (25th—75th percentile)
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Table 3

Thrombus Morphology in Relation to Echo Detection

A.
LV Thrombus by DE-CMR
(n=24)
Echo + Echo - P
(n=8) (n=16)
Type
Protuberant 7 10 0.06
Mural 1 6%
B.
Thrombus Size (cm?3)
Thrombus Detected | Thrombus Missed P
Echo
Overall 6.6 [2.0, 21.4] 2.0[1.2,3.5] 0.054
Protuberant Thrombus 6.6 [2.0, 21.4] 1.3[0.8,2.3] 0.02
Cine-CMR
Overall 49[2.6,9.3] 1.410.6, 3.0] 0.02
Protuberant Thrombus 49[2.2,11.0] 0.8[0.5, 1.1] <0.01

Indices reported as antilog of mean [95% confidence intervals] of log transformed data. Numbers in boldface indicate p values <0.05

*
In one case, DE-CMR detected mural thrombus adherent to mid anterior wall and excluded apical thrombus; echo was negative for anterior wall
thrombus but positive for apical thrombus (P value based on thrombus detection by correct location).
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