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ARTICLE INFO ABSTRACT

Article history: Left ventricular thrombus (LVT) is a severe consequence that typically follows acute myocar-
Received 16 July 2024 dial infarction (MI) and can occur in nonischemic cardiomyopathies. In patients who have
Revised 29 July 2024 experienced an ST-segment elevation acute myocardial infarction (STEMI), LVT is seen up to
Accepted 30 July 2024 15% of the time; for patients without an ischemic cardiomyopathy, it is only 2% to 36% of the

time. According to Virchow’s triad, the cornerstone of LVT formation includes endothelial
injury, blood stasis, and hypercoagulability. However, LVT increases morbidity and mortality

Keywords: in patients with both ischemic and nonischemic cardiomyopathies by increasing the risk of
Left ventricular thrombus stroke or systemic embolism. Studies on nonischemic etiology are limited, and the majority
Nonischemic cardiomyopathies of LVT case series concentrate on ischemic cardiomyopathies. We present this case with the
Dilated cardiomyopathy nonischemic cardiomyopathies caused by LVT. Specifically, the patient underwent coronary
Glomerulonephritis artery assessment using photon-counting computed tomography, which is among the most
Photon-counting computed advanced systems worldwide.
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Introduction

Left ventricular thrombus seems to be a serious adverse ef-
fect of a number of conditions. The primary cause of LVT
is ischemic heart disease [1]. Other causes include dilated
cardiomyopathy (DCM), hypertrophic obstructive cardiomy-
opathy, takotsubo cardiomyopathy, and hypercoagulation dis-
eases [2,3]. Three factors contribute to the formation of LVT:
endothelial injury, blood stasis, and hypercoagulability. There
are variations in the pathophysiology of LVT formation. For
example, endocardial injury and inflammation may be pre-
dominant factors in ischemic heart disease, while blood stasis
may be the dominant factor in DCM, and hypercoagulability
is a major mechanism in hypercoagulation diseases (such as
autoimmune diseases, immobile conditions, etc.) [3]. LVT in-
creases the increases the risk of mortality, stroke, cardiovas-
cular events, and systemic embolism [2,4].

Nowadays, there are many available techniques to diag-
nose LVT. The standard technology for detecting and moni-
toring LVT is transthoracic echocardiography (TTE) [5,6]. Small
intercostal spaces, large body size, chest deformities, or lung
disease might make TTE difficult for patients, which can lead
to poor acoustic windows as well as the inability to detect
LVT [5,6]. The high sensitivity and specificity diagnosis and
evaluation of LVT is still cardiac magnetic resonance imaging
(CMR) [7]. Using gadolinium in a CMR scan can help find ab-
normal structures inside the ventricles and make it easier to
see the differences between healthy heart tissue and scarred
myocardium [7]. Few studies have used cardiac computed to-
mography (CT) to identify lung vein thrombosis (LVT). The di-
agnosis of LVT using computed tomography (CT) remains in-
validated. Contrast-enhanced coronary CT angiography has a
lot of potential for widespread use in finding LVT because it is
quick, cheap, and has a very high spatial resolution (<1 mm)
[7]-

Besides diagnosing LVT through imaging techniques, iden-
tifying the causes of LVT formation is crucial not only for
treatment but also for prevention. Acute myocardial infarc-
tion (AMI) is the most common cause in ischemic cardiomy-
opathies [1]. Furthermore, nonischemic cardiomyopathies
(such as cardiomyopathy diseases, takotsubo cardiomyopathy,
or hypercoagulation diseases) contribute to this complication
[2,8,9]. Finding coronary arteries with digital subtraction an-
giography (DSA) or Coronary Computed Tomographic Angiog-
raphy (CCTA) can differentiate between the 2 disease groups.
CCTA is a noninvasive method for assessing coronary arter-
ies, and photon-counting cardiac computed tomography rep-
resents the most advanced system for transforming coronary
artery morphological assessment due to its high spatial reso-
lution and spectral imaging capabilities [10,11].

Case presentation

A 38-year-old Vietnamese male was admitted to the Depart-
ment of Internal Medicine due to orthopnea. His medical his-
tory included hypertension and heavy alcohol consumption.
There was no significant family history. He left untreated leg

swelling, unstable blood pressure, and worsening orthopnea 1
month before admission. During the examination, he exhib-
ited dyspnea and edema in the lower limbs. His vital signs in-
dicated a high blood pressure of 190/100 mmHg, a fast regular
heart rate of 110 bpm, oxygen saturation of 96% in room air,
and a respiratory rate of 25 breaths per minute. During the
chest examination, we detected signs of congestive heart fail-
ure and an abnormal murmur.

We conducted numerous subclinical tests and image anal-
yses for diagnosis. The results of the complete blood count, re-
nal function (eGFR: 86.62 mL/minute/1.73 m?), and liver func-
tion were within normal ranges. The N-terminal pro B-type
natriuretic peptide level was 31837.8 pg/mL, and the high-
sensitivity cardiac troponin level was approximately 439.5
pg/mL. Proteinuria in a 24-hour sample was measured in
grams and with erythrocytes. The electrocardiogram showed
rhythm with tachycardia at 120 bpm and ST-segment depres-
sion in V5-V6, D1, aVL, D2, and aVF (Fig. 1).

The transthoracic echocardiogram (TTE) revealed a de-
creased left ventricular function with an ejection fraction (EF)
of 19% (Simpson method), severe global hypokinetic left ven-
tricle, mitral valve, and aortic valve regurgitation (Fig. 2). No-
tably, there was a dilated left heart chamber, and an apical LVT
was identified (Fig. 3).

We found that the male patient had heart failure with a re-
duced ejection fraction (19%), glomerulonephritis, high blood
pressure, LVT, and rising high-sensitivity cardiac troponin lev-
els. The patient underwent cardiac computed tomography
to assess coronary arteries. The aim was to differentiate be-
tween acute myocardial infarction and dilated cardiomyopa-
thy. The imaging revealed the noncalcified plaques on the
walls of coronary arteries (Fig. 4). Additionally, a mass with-
out iodine concentration, which was suggested for thrombi,
was witnessed in the intracardiac (Fig. 5). The perfusion imag-
ing showed an abnormal blood flow in the left ventricle on the
polarmap (Fig. 6).

With all the information provided above, the final diagno-
sis in this patient was DCM-caused heart failure with reduced
ejection fraction (HFrEF 19%), glomerulonephritis, hyperten-
sion, and left ventricular thrombus. This patient was pre-
scribed medication including combined valsartan and sacu-
bitril 100 mg twice a day, furosemide 20 mg, spironolactone 50
mg, dapagliflozin 10 mg, digoxin 0.25 mg half a pill per day,
and rivaroxaban 20 mg.

Discussion

Dilated cardiomyopathy (DCM) is defined as when the left ven-
tricle (LV) is bigger and systolic dysfunction happens in parts
of the heart that can’t be explained by other health problems
like hypertension, valve diseases, or coronary artery disease
[8,9]. In athletes, LV dilation can occur with normal ejection
fraction (EF) or due to other environmental factors; thisisnot a
cardiomyopathy but may indicate an early stage of DCM. DCM
typically manifests as heart failure, characterized by symp-
toms such as edema, orthopnea, and paroxysmal nocturnal
dyspnea. It can also manifest as low cardiac output, char-
acterized by fatigue and dyspnea during exertion, arrhyth-
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Fig. 2 - Transthoracic echocardiogram (TTE): (A) Left ventricular ejection fraction by Teicholz method. (B) Left ventricular

ejection fraction using the Simpson method.

mias, conduction system disease, and thromboembolic dis-
ease, which can result in stroke [10]. The diagnosis of DCM
is confirmed by the presence of both components, including
left ventricular enlargement; systolic dysfunction (an ejec-
tion fraction less than 50% is usually estimated from a two-
dimensional echocardiogram, other noninvasive cardiac stud-
ies (computed tomography or MRI) or from a left ventricular
angiogram); and fractional shortening, which is another clin-

ical measure of systolic function. A fractional shortening less
than 25% indicates systolic dysfunction [8-10].

This patient required hospitalization due to pulmonary
edema. His symptoms included shortness of breath, swelling
in his lower limbs, a swollen jugular vein, and wet rales in his
lungs. An increase in N-terminal pro-B-type natriuretic pep-
tide, a lower ejection fraction (LVEF 19%), and a dilated left
ventricle were also seen on an echocardiogram. The patient
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Fig. 3 - Transthoracic echocardiogram (TTE): (A) Left ventricular thrombus 18 x 19 mm (yellow-arrow). (B) Mitral valve

regurgitation (yellow arrow).

Fig. 4 - Coronary artery system in photon-counting computed tomography: (A) VRT image. (B-D) show MPR of RCA (orange
arrow), LAD (red arrow), and LCX branches (yellow arrow) with noncalcification plaques.

also showed an increase in high-sensitivity cardiac troponin
and ST-segment depression in V5-V6, D1, aVL, D2, and aVFE.
Therefore, our initial diagnosis was acute coronary syndrome,
which led to pulmonary edema. However, there were various
reasons for the elevated cardiac troponin levels in this patient,
including dilated cardiomyopathy (he had enough criteria of
disease), tachycardia, and severe heart failure. Consequently,
an assessment of the coronary artery system allowed to dis-
tinguish between acute myocardial infarction and dilated car-
diomyopathy.

Cardiac computed tomography (CT) is a popular tool for
evaluating cardiovascular structures. It has become the guide-
line’s recommended first-line imaging test for various car-
diac diseases based on widespread clinical research [12]. Coro-
nary CT angiography (CCTA) is recommended as a first-line
test for stable chest pain by the American College of Cardi-

ology/American Heart Association guidelines of 2012 and Eu-
ropean Society of Cardiology guidelines of 2019 [11,13]. Car-
diac CT using dual-energy techniques benefits from improved
image quality, which enhances the diagnostic value of these
scans, especially on photon-counting CT [14]. The advanced
detectors in PCCT scanners enable them to have higher dose
efficiency and be smaller. Thus, PCCT leads to the overall
growth of diagnostic abilities and confidence. Intracardiac
masses such as lipomas, fibromas, myxomas, and thrombi are
found in less than 0.1% of autopsy studies [15,16]. CT scans
give a very detailed picture of the heart’s volume and can show
how a heart tumor is connected to nearby heart parts like
valves, chambers, arteries, myocardium, or epicardium. Dual
energy computed tomography’s material composition capa-
bilities are useful for differentiating between cardiac masses
based on iodine concentrations. In our case, a patient was
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Fig. 5 - Intracardiac thrombi at the left ventricle: (A-C) show no iodine contribution to the thrombus (yellow arrow). (D)
shows thrombi on multiplanar reformation or reconstruction (MPR) imaging (yellow arrow).
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Fig. 6 - Perfusion map (semiquantitative analysis feature): The color on the map shows the ability of myocardial first-pass
enhancement based on the Hounsfield unit. The color changed from dark to red, indicating a lack of enhancement to a
normal state. (A) Normal blood flow case (red area); (B) showed the decrease of the patient’s myocardial blood flow was from
slight to medium in most of the 17-segment region of the left ventricle in comparison with (A) and (C). (C) Right coronary
artery (RCA) occlusion showed the significant decrease of myocardial blood flow, focusing on some regions including 3, 4, 5,

9,10, 11, 15, 16.

admitted to the hospital with orthopnea and an increase in
high-sensitivity cardiac troponin. It’s suitable for CCTA indica-
tion to evaluate coronary arteries, cardiac structure, and per-
fusion imaging. The standard 17-myocardial segment model
of LV based on the distribution is suggested by the AHA for all
cardiac imaging to analyze the regional left ventricular func-
tion and perfusion. In ischemic conditions involving coronary
arteries, the abnormal blood flow is only seen on the map if
the stenosis is over 50% [17]. In cases of coronary occlusion,
the decrease in myocardial blood flow is seen on the map
that corresponds with the individual region. The slight steno-
sis of all coronary arteries but the hypoperfusion were seen
at all 17-myocardial segment models of LV in this patient. It’s

suggested for a disease that involves myocardial disease. The
imaging revealed an abnormal myocardial perfusion and in-
tracardiac thrombi. That suggests that myocardial lesions are
systematic diseases.

The patient had foamy urine; proteinuria in 24 hours was
1536 grams and 200 erythrocytes, so we suspected the ac-
companying condition was glomerulonephritis. Therefore, we
tested the Streptococcus pyogenes ASO concentration, and
the result was 374 Ul/mL (the normal value is over 200 UI/mL).
When the immune system hurts the basement membrane,
mesangium, or capillary endothelium, it's called glomeru-
laronephritis. This could lead to blood in the urine, protein in
the urine, or azotemia [18]. As a common illustration of sec-
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ondary glomerulonephritis caused by streptococcal infection
is poststreptococcal glomerulonephritis (PSGN). The majority
of glomerulonephritis types are progressive disorders. It could
worsen and cause tubulointerstitial fibrosis, which gets worse
over time without treatment, and chronic glomerulonephritis,
which affects the glomeruli. This makes the glomerular filtra-
tion rate go down. It allows uremic toxins to be stored, which
in turn affects the development of cardiac disorders that are
associated with end-stage renal disease (ESRD) and chronic
kidney disease (CKD). Hematuria (pink or cola-colored urine
from red blood cells in the urine), proteinuria (foamy or bub-
bly urine from too much protein in the urine), high blood pres-
sure, edema (swelling in the face, hands, feet, and abdomen
from holding on to water), decreased urine output, nausea and
vomiting, muscle cramps, and tiredness were all symptoms of
glomerulonephritis [18].

The incidence of LVT peaks at 15% in patients with ST-
segment elevation MI (STEMI) and ranges approximately from
2% to 36% in nonischemic cardiomyopathies patients [1,19].
Depending on thrombus morphology and the time of follow-
up, LV thrombus is associated with up to 22% risk of embolism
and 37% risk of major adverse cardiovascular events (MACEs)
[19]. In this case, a normal coronary artery system with poor
left ventricular function and blood stasis might be the main
reason for left ventricular thrombus formation, which was a
key factor in DCM. On the other hand, hypercoagulation is
the main cause of glomerular diseases [3]. In DCM, reduced
left ventricular ejection fraction and an enlarged left ventricle
have been proven to be risk factors for blood stasis and LVT
formation. Moreover, defective endothelial function and hy-
percoagulation have been demonstrated in heart failure. The
myocardial inflammation is related to the significant increase
in platelet activation. Hypercoagulation is linked to 4 main
factors in glomerular diseases: nephrotic syndrome, vasculi-
tis (inflammation of the vascular wall), medications (corticos-
teroids and cyclosporine A), and nephrotic syndrome. Hyper-
coagulation is caused by an imbalance between the anticoag-
ulation factors: a decrease in proteins C, S, and antithrombin
IlI, as well as an increase in plasma coagulation factors. Vas-
culitis, also known as vascular wall inflammation, can happen
in both the systemic and renal vascullitis types. It changes
the structure of the vessel wall, damages endothelial cells,
makes the body stop working properly, and starts the clot-
ting cascade. Moreover, high platelet counts are observed in
acute and chronic inflammation. In this patient, rivaroxaban
was one of the direct oral anticoagulants (DOACs) that was
used to treat LVT. The 2022 American Heart Association (AHA)
guidelines provide minimal guidance on anticoagulation for
treating LV thrombus in DCM [19]. Vitamin K antagonist (VKA)
therapy is limited by several disadvantages. For instance, in-
teractions with food or medications, varying efficacy as a re-
sult of genetic polymorphisms, and the necessity of consis-
tent anticoagulation monitoring pose significant challenges.
DOACs are advocated for similar or even better effectiveness,
fewer interactions, and convenience of use [20]. The next plans
for him include genetic testing and family screening, as well
as primary and secondary sudden cardiac death prevention,
which have been described in the 2023 European Society of
Cardiology (ESC) Guidelines for the Management of Cardiomy-
opathies [21].

Conclusion

Left ventricular thrombus is a dangerous complication follow-
ing many conditions. Despite medical advancements and the
decreasing incidence of LVT, this complication still leads to
stroke or other systemic embolisms. Coronary angiography
distinguishes between ischemic and nonischemic cardiomy-
opathies, while photon-counting cardiac computed tomogra-
phy is a compelling technology due to its ability to capture de-
tailed coronary arteries with high definition. DOACs are advo-
cated for their similar or even better effectiveness in treating
left ventricular thrombus.
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