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Abstract

:

This comprehensive review explores the intricate aspects of left ventricular thrombus (LVT), a potential complication in both ischemic and non-ischemic cardiomyopathies. It provides a thorough understanding of left ventricular thrombus, revealing its uncommon incidence in the general population (7 cases per 10,000 patients), predominantly linked to ischemic heart diseases (ICMs) at an 80% prevalence rate. Diagnostic tools, notably transthoracic echocardiography (TTE) and cardiac magnetic resonance imaging (CMR), demonstrate varying sensitivity but remain indispensable in specific clinical contexts related to LVT as non-invasive diagnostic modalities. A detailed comparison between ICM patients and those with non-ischemic cardiomyopathy (NICM) who have left ventricular thrombus reveals subtle distinctions with significant clinical implications. This analysis underscores the importance of these imaging techniques in distinguishing between the two conditions. Additionally, we explored the occurrence of LVT in specific non-ischemic cardiomyopathies, including Takotsubo syndrome, hypertrophic cardiomyopathy, eosinophilic myocarditis, Chagas disease, cardiac amyloidosis, and several other conditions. The article further delves into anticoagulation strategies, thoroughly examining their impact on LVT regression and patient outcomes. Pharmacological interventions, with a focus on direct oral anticoagulants, emerge as promising alternatives; however, there is insufficient information on their efficiency and safety, especially in NICM population. In conclusion, this review highlights the complex nature of LVT, incorporating a range of etiopathogenic factors, diagnostic complexities, and evolving therapeutic approaches. It emphasizes the pressing need for ongoing research in this field.
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1. Introduction


Left ventricular thrombus (LVT) represents a potential complication observed in both ischemic (ICM) and non-ischemic cardiomyopathies (NICM), posing an additional risk of thromboembolic events, including strokes.



The aim of the present review is to address the epidemiology and pathophysiology of LVT formation, as well as the advantages and limitations of the current available cardiovascular imaging diagnostic modalities for LVT detection and its management strategies. Furthermore, we analyze the current data on epidemiological differences between ICM and NICM patients with LVT. The epidemiology of different non-ischemic cardiomyopathies leading to ventricular thrombus—Takotsubosyndrome, hypertrophic cardiomyopathy (HCM) associated with apical left ventricular aneurysm, eosinophilic myocarditis, Chagas disease cardiomyopathy, and cardiac amyloidosis (CA)—are further explored. Additionally, this exploration extends to other medical conditions such as chemotherapy-induced cardiopathy and peripartum cardiopathy.



Finally, LVT therapeutic management with a focus on the role of direct oral anticoagulants is examined.



An extensive review of the literature derived from research involving human subjects, published in English and indexed in MEDLINE (through PubMed), was conducted. Key search words included but not limited to were the following: left ventricle thrombosis and myocarditis, thrombus and myocardial injury, acute coronary syndrome, myocardial infarction and left ventricle thrombus, Takotsubo cardiomyopathy, Chagas disease cardiomyopathy, left ventricle thrombus and anticoagulation, left ventricle aneurysm, amyloidosis, eosinophilic myocarditis, apical left ventricle hypertrophy, left ventricle thrombus and cardiac magnetic resonance.




2. Epidemiology of Left Ventricular Thrombus and Pathophysiology


The overall LVT prevalence in the general population is low. In a retrospective review of over 80,000 medical records, the LVT incidence was 7 per 10,000 patients [1]. Most cases were associated with ischemic heart disease (80%), especially after anterior myocardial infarction, while the remainder were attributed to dilated cardiomyopathy (DCM) and stress-induced cardiomyopathy (8.15% and 4.8%, respectively) [1,2]. Studies from the pre-percutaneous coronary intervention and pre-thrombolytic era report an LVT prevalence ranging from 28% to 46% in anterior myocardial infarction [3,4,5,6]. In the era of primary percutaneous coronary intervention (PCI), depending on the diagnostic modalities LVT prevalence varies from 5% to 15% when assessed using transthoracic echocardiography (TTE) [6,7,8] to 12% to 27% using cardiac magnetic resonance (CMR) imaging evaluations [9,10,11]. Risk factors associated with LVT occurrence are traditionally encompassed in Virchow’s triad [1,12]. Incorporating myocardial tissue damage, this concept applies to various diseases, including myocardial infarction, HCM, Chagas disease, and certain immune disorders like hypereosinophilic syndrome and Behcet’s disease (Figure 1—Left Ventricle Thrombus from Pathophysiology to Diagnosis and Medical Management).



The presence of abnormal blood flow is particularly observed in situations involving severe left ventricular dysfunction or when the left ventricular apex is affected by an anterior–apical scar after a myocardial infarction [6]. This is also seen in cases of Takotsubo syndrome with an apical form [13,14] or HCM with an apical aneurysm. Notably, severe left ventricular dysfunction is a critical predictive indicator for LVT occurrence [6,15] accompanied by a hypercoagulability state, as observed in chronic heart failure [16,17].



2.1. LVT Formation: Prevalence Pre- and Post-PCI


The intensity of myocardial damage is linked to the susceptibility of intraventricular thrombus formation, especially after an acute ischemic event. In the context of an ICM, the risk of LVT occurrence depends on the symptomology onset and the time to treatment [18]. The timing of cardiac imaging evaluation after a myocardial infarction plays a crucial role in identifying those patients at risk of LVT formation, which may alter their short- and long-term prognoses. Despite the advances in cardiac imaging modalities and the current treatment options, most studies underline the same message: the true incidence of LVT is unknown and probably overlooked. In ICM, the factors affecting the formation of intraventricular thrombus are associated with the extent of the infarction area. This is particularly evident in cases of anterior myocardial infarction, where significant regional wall abnormalities are observed [1]. Overall intraventricular thrombosis prevalence surpasses 10% in the cases of anterior infarction, as previously stated [3,4,5,19,20,21], being less frequently described in other localizations, e.g., inferior myocardial infarction. Nevertheless, most of the data come from studies performed during the pre-PCI era. Contrastingly, increased access to PCI, reduced timing from the symptomatology onset, and invasive treatment modifies the risk of LVT formation in the context of an acute myocardial infarction; however, it does not cancel it. A retrospective study performed during the PCI era comprising more than 150,000 patients with anterior myocardial infarction with an elevation of the ST segment (STEMI) showed a prevalence of intraventricular thrombosis of 0.4%; however, LVT presence was associated with a 4-fold augmentation of thromboembolic events [22]. In terms of population characteristics, patients with anterior STEMI and LVT had a higher incidence of atrial fibrillation (16.9% vs. 12.4%; p < 0.001), aortic atherosclerosis (3.7% vs. 1.6%; p < 0.001), use of long-term anticoagulation (4.6% vs. 1.7%; p < 0.001), use of a Swan–Ganz catheter (9.4% vs. 5.7%; p < 0.001), intra-aortic balloon pump use (18.0% vs. 11.6%; p < 0.001), cardiogenic shock (17.9% vs. 10.4%; p < 0.001), and acute respiratory failure (23% vs. 13.7%; p < 0.001) compared to patients without LVT [22]. Conversely, there was no difference in terms of medical strategy (PCI versus coronary artery bypass grafting) and the occurrence of intraventricular thrombosis [22]. However, the average duration and costs of hospitalization and subsequent follow-ups were considerably higher in this population [22]. Additional research has documented a heightened LVT frequency persisting into the period of widespread PCI use. A prospective study with a cohort of 100 consecutive patients with a left ventricle ejection fraction under 45% and anterior myocardial infarction, showed a 26% occurrence of LVT after PCI, diagnosed at a median of 12 days [23]. The investigators performed three TTE evaluations for intraventricular thrombus detection. LVT was detected in the first 6 weeks after myocardial infarction and completely resorbed at day 270 [23], emphasizing the importance of long-term follow-up of those patients.




2.2. LVT Formation: Mechanisms beyond Myocardial Infarction


The development of intraventricular thrombosis is associated with the components of Virchow’s triad, which includes endothelial damage due to myocardial infarction, blood stasis resulting from left ventricular dysfunction, and increased coagulability initiated via inflammation [20]. Patients with LVT have a prolonged and reduced wash-in of LV in comparison to healthy individuals in whom the blood remains shortly in the LV cavity in diastole due to high intraventricular pressure gradients [24]. Left ventricle regional thinning and dilation with damaged endothelium are associated with increased wall stress [18]. These structural abnormalities lead to blood stasis, primarily driven by left ventricular dysfunction, marked by reduced ejection fraction and abnormal vortex formation due to impaired contractile function [18]. Endothelial injury induces inflammation and a prothrombotic state by exposing subendothelial tissue, promoting hypercoagulability [25]. Baseline C-reactive protein, fibrinogen, and the neutrophil–lymphocyte ratio independently predict early LVT formation after myocardial infarction [18].



Each of these factors represents possible targets for therapeutic intervention. The core knowledge concerning tissue injury, stasis, and fibrin cross-linking in thrombus formation justifies the preference for anticoagulants over antiplatelet drugs in patients with left ventricular thrombus.




2.3. Diagnostic Modalities in Left Ventricular Thrombus Detection


The 2016 recommendations from the American Society of Echocardiography regarding TTE use in evaluating cardiac sources of embolism describe the latter as the technique of choice and the most widely used in clinical settings. It is employed in assessing the regional and global function of the left and right ventricles, valvular evaluation, and LVT assessment. LVT is identified as a discrete echocardiographic mass seen in the left ventricle with well-defined margins distinct from the endocardium, visible throughout the systole and diastole in an area with significant abnormalities of the left ventricular wall, either regional or global [26] (Figure 1). To confirm the diagnosis, it should be visualized in at least two orthogonal views (apical and short-axis). The role of transesophageal echocardiography in LVT diagnosis is limited due to an often shortened and/or poorly visualized left ventricle.



The accuracy of LVT diagnosis using TTE exhibits significant variability. In a prospective study involving 100 patients, the focus was on assessing the occurrence and progression of LVT in a high-risk population following anterior myocardial infarction and associated left ventricular systolic dysfunction [23]. Among these patients, 26 were identified with left ventricular thrombi, typically appearing around 12 days after anterior myocardial infarction [23]. To confirm these findings, all participants in the study underwent late gadolinium-enhanced cardiac magnetic resonance (CMR LGE) [23]. The sensitivity and specificity of transthoracic echocardiography were 94.7% and 98.5%, respectively, compared to CMR LGE [23].



A systematic review involving over 800 patients, evaluating TTE accuracy in comparison to CMR examinations for LVT detection, revealed the superiority of CMR across different acquisition protocols. CMR, specifically using LGE protocols, demonstrated the highest accuracy (sensitivity: 88%; specificity: 99%), followed by cine-CMR (sensitivity: 58%; specificity: 99%; accuracy: 95%; positive predictive value: 93%–95%; negative predictive value: 95–96%) [27]. Contrast-enhanced TTE exhibited a sensitivity range of 23% to 61%, specificity between 96% and 99%, accuracy of 92%, a positive predictive value of 93%, and a negative predictive value of 91% [27]. Finally, contrast-free TTE showed a lower sensitivity, ranging between 24% and 33%, specificity between 94% and 95%, accuracy of 82%, a positive predictive value of 57%, and a negative predictive value of 85% [27]. The authors suggested that the accuracy of TTE could be improved with a clear clinical indication and the systematic use of left ventricular contrast agents [27]. In another meta-analysis assessing the true LVT incidence via CMR in acute myocardial infarction treated with PCI, encompassing ten studies and 2072 patients, TTE demonstrated a sensitivity of 29% and a specificity of 98% compared to CMR. The meta-analysis reported an overall LVT incidence of 6.3%, with 96% occurring in the context of anterior ST-segment elevation myocardial infarction [28]. Despite diagnostic superiority and being considered the gold standard, the limited availability and cost of CMR restrict its routine use. Some authors have suggested the use of an apical motion score to stratify patients requiring CMR in confirming LVT following a myocardial infarction. In a study by Weinsaft et al., the use of the apical motion score allowed all patients with LVT suspicion to be systematically referred to CMR evaluation for diagnostic confirmation, achieving a sensitivity of 100% while halving the use of other diagnostic tests [29]. Another aspect to be considered when analyzing the presence of LVT is the moment of evaluation, which depends on the underlying cardiopathy. The LVT occurrence is maximal within 9 to 12 days after myocardial infarction, while it peaks within 48 h in the context of Takotsubosyndrome with apical involvement [13,23,30].



Importantly, LVT may be misdiagnosed in the presence of important trabeculations, as previously described in noncompaction cardiomyopathy. The current guidelines do not consider the presence of hypertrabeculations asa distinctive cardiomyopathy [31]. However, it is important to mention, as they can be associated with LVT [31]; therefore, non-invasive cardiac imaging evaluation remains the cornerstone for proper management. Earlier recommendations papers reinforce the importance of CMR evaluation in patients’ hypertrabeculations. CMR provides superior resolution and tissue characterization properties compared to TTE examinations, and therefore, it should be the imaging modality of choice in patients with hypertrabeculations to accurately identify apical thrombi and endomyocardial fibrosis, aiding in effective thromboembolic risk assessment, if LVT is detected [32]. The treatment strategy continues to favor oral anticoagulation, with both strategies, direct oral or antivitamin K anticoagulation, being proposed [32]. In the absence of predisposing factors for an embolic event (e.g., atrial fibrillation, LVT presence) preventive anticoagulation therapy remains debatable. Patients with apical hypertrabeculations and left ventricular dysfunction in the presence of sinus rhythm are considered at a higher risk of thromboembolic events. This risk is particularly pronounced in those with severe systolic dysfunction and the presence of LGE on CMR examination, as they have been shown to experience more adverse cardiovascular events, including stroke [32,33]. Therefore, long-term anticoagulation, preferably with direct oral anticoagulants, is recommended for patients previously considered with noncompaction cardiomyopathy in the presence of significant LV dysfunction [32,34]. For individuals diagnosed with ‘noncompaction cardiomyopathy’ in the absence of atrial fibrillation, left ventricle systolic dysfunction, or intracardiac thrombi, recent findings indicate that the presence of an important ratio of apical hypertrabeculations may pose a risk of thromboembolic events, e.g., cryptogenic stroke, particularly in young patients without cardiovascular risk factors [32,33]. While guidelines do not currently recommend preventive therapy for thromboembolic events in these cases, anticoagulant therapy could be proposed for patients with a CHADS2 score of ≥2 [32,34].





3. Comparison between LVT in ICM and NICM


The majority of data on LVT pertain to ICM patients, with limited studies on the epidemiology, predictive factors, and secondary risks associated with LVT presence in NICM. A recent study by Hooks M. et al. compared a NCIM LVT population of 48 patients with 124 LVT ICM patients and 144 matched patients without left ventricular thrombus in NICM [15]. Compared to patients with thrombus in ICM, those with thrombus in NICM exhibited lower ejection fractions, larger left ventricles, fewer left ventricular aneurysms, lower LGE, and a smaller LGE extent. However, there were more left ventricular thrombi per patient, and these patients were ten times more likely to have a thrombus in intracardiac cavities other than the left ventricle (4% vs. 39.6% in ICM and NICM, respectively) [15]. The one-year risk of embolic events was not different between patients with ICM or NICM, with 6.8% of embolic events in ICM and 8.7% in NICM, significantly higher than in NICM patients without LVT, for whom the annual risk of embolic events was 1.5%. Patients with LVT in non-ischemic cardiomyopathy exhibit lower ejection fractions, larger left ventricles, a marked LGE prevalence, and a more extensive LGE extent compared to those without left ventricular thrombus in NICM [15]. In addition to assisting in identifying the precise cause of cardiomyopathy, CMR facilitates risk stratification for LVT’s onset based on LGE and its extent. In this study, the presence of LGE was associated with a sixfold higher probability of left ventricular thrombi.



3.1. Takotsubo Syndrome


Takotsubo syndrome (TTS) is characterized by acute left ventricular dysfunction, a factor that may contribute to LVT formation. In a recent study by Katharina J. Ding et al. [13], TTS patients enrolled in the International akotsubo Registry across 28 centers in Australia, Europe, and the United States were dichotomized based on the occurrence/absence of intraventricular thrombus or systemic embolism. Out of 1676 TTS patients, 56 (3.3%) developed intraventricular thrombus and/or systemic embolism [13]. The occurrence of left ventricular thrombus was early, with a median time interval of 2 days (range: 0–38 days) [13]. The clinical profile of patients with intraventricular thrombus and/or embolism was also different compared to patients without thrombus. Patients in the thrombus and/or embolism group had a more significant impairment of left ventricular ejection fraction, a higher prevalence of the apical type, higher levels of troponins and inflammatory markers (CRP and leukocytosis), and a higher prevalence of cardiovascular diseases [13]. These patients also experienced more complications, with a higher rate of cardiogenic shock, catecholamine use, and invasive or non-invasive ventilation [13]. A thrombus risk score (InterTAK Thrombus Risk score) was developed, consisting of four variables: the presence of an apical type (1.5 points), a history of vascular disease (1.5 points), a left ventricular ejection fraction below 30% at admission (1.5 points), and an initial white blood cell count > 10 × 103 cells/μL (1 point) [13]. Patients with scores higher than 3 are at high risk of thrombus formation and/or embolism, with an incidence between 10.6% and 15.6% [13].



Comparable prevalence data were identified in another registry study by Santoro F. et al. [14]. Within the GEIST registry (German Italian Spanish Takotsubo registry) comprising 541 patients, 12 individuals with Takotsubo syndrome (TTS) exhibited LVT occurrence, resulting in a prevalence rate of 2.2% [14]. Notably, all 12 LVT patients were exclusively women with apical involvement [14]. Nevertheless, the true prevalence of LVT is yet undetermined.



The meta-analysis by Baldetti L et al. reported an LVT rate across various studies ranging from 1.3% to 7.7% with a combined estimated rate of 1.8% [35]. Within this meta-analysis, 83 patients out of a total of 3823 presented LVT [35].




3.2. Hypertrophic Cardiomyopathy with Apical Aneurysm


Several retrospective studies suggest an association between LVT and HCM with apical aneurysm in which its presence provides a structural nidus with abnormal blood flow favoring thrombus formation [31].



In a study led by Rowin et al. comprising 1940 HCM patients, including 93 individuals with left ventricular apical aneurysms (4.8%), 13 HCM patients (14%) with left ventricular apical aneurysm exhibited LVT without associated thromboembolic events [36]. Thrombi were identified via CMR or cardiac computed tomography (n = 6), contrast echocardiography (n = 4), or both echocardiography and CMR (n = 3) [36]. The size of the aneurysm, defined as the maximal transverse dimension measured on CMR or TTE and categorized as small (<2 cm), medium (2 to 4 cm), or large (>4 cm), seems to be an important factor in thrombus occurrence or embolic events, with the majority occurring in medium to large aneurysms (14 out of 18 patients, 78%) [36]. Patients presenting LVT or embolic events were subsequently treated with anticoagulants (mainly warfarin), and none experienced thromboembolic events over an average of 4.0 ± 2.8 years [36]. The investigators suggested prophylactic anticoagulation in HCM patients with apical aneurysm at risk of LVT development. To support this, a recent meta-analysis of six studies, including the study by Rowin et al., showed that the likelihood of an embolic event is 6.30 times higher compared to HCM patients without a left ventricular apical aneurysm [37].



Another study by Lee D. et al. addressed a similar hypothesis by evaluating 160 HCM patients with apical aneurysm [38]. Over an average follow-up duration of 6.2 years ± 4.8 years, 23 patients (15%) were diagnosed with LVT through CMR or TTE [38]. Those with an aneurysm larger than 2 cm faced an almost fourfold higher risk of LVT developing. Notably, five of these patients experienced both LVT and a stroke [38]. Interestingly, this study did not find a significant correlation between aneurysm size and the risk of stroke.



However, a noteworthy number of patients with moderate to large aneurysms were on anticoagulant therapy, potentially averting stroke incidents based on the identification of apical thrombus. Patients with an aneurysm larger than 2 cm had a 2.2 times higher relative risk of developing a stroke or LVT compared to patients with an aneurysm smaller than 2 cm [38]. These data also suggest the detrimental role of aneurysm size in prognosis and raise the question of initiating anticoagulation for an aneurysm size greater than 2 cm [38].



Across all of these studies, HCM patients and left ventricular apical aneurysm exhibited an increased risk of major cardiovascular events, such as sudden cardiac death or end-stage heart failure, highlighting that this subgroup presents a heightened risk of adverse events.




3.3. Eosinophilic Myocarditis


Acute myocarditis is defined according to the latest European consensus published by Caforio et al. in 2014 as an inflammatory disease of the myocardium diagnosed based on histological evidence of inflammatory infiltrates in the myocardium associated with myocyte degeneration and non-ischemic necrosis, immunological, and immunohistochemical criteria [39]. This definition includes the need for endomyocardial biopsies to confirm the diagnosis and underlying etiology (lymphocytic myocarditis, eosinophilic myocarditis, giant cell myocarditis, and granulomatous myocarditis). Eosinophilic myocarditis (EM) is a relatively rare form associated with parasitic infections, hypersensitivity reactions to various agents, eosinophilic inflammatory disorders, and, rarely, a neoplastic process [40]. It is also associated with LVT occurrence [40].



A significant number of publications detailing the link between LVT and EM are in the form of case reports or case series. In a systematic review with the objective of outlining the clinical presentation, treatment, and outcomes of EM, 179 patients with histologically confirmed EM were examined [41]. Twenty-two patients out of one hundred and sixty-one with complete cardiac imaging evaluation were identified to have LVT, resulting in a prevalence of 13.6% [41]. The analyses were also subdivided based on the underlying condition causing EM, EM related to hypersensitivity, EM related to eosinophilic granulomatosis with polyangiitis (EGPA), EM related to complex hypereosinophilic syndrome, and EM related to idiopathic causes. The risk of developing LVT is mainly found in patients with complex hypereosinophilic syndrome and EGPA, with a prevalence of thrombus occurrence of 28.6% and 19%, respectively, in this population [41].




3.4. Chagas Cardiomyopathy


Chagas disease is an acute or chronic infection caused by the flagellated protozoan Trypanosoma cruzi (T. cruzi) [42]. T. cruzi infection is predominant in regions of South America, where it is estimated that up to 8% of the population is seropositive, but only 10 to 30% will develop symptomatic disease [42,43,44]. Ten to twenty years after infection, irreversible cardiac lesions may appear. The main manifestations of chronic Chagas cardiomyopathy are heart failure, arrhythmia, and sudden cardiac death [42,45]. Chagas cardiomyopathy has also been independently associated with the risk of developing a stroke, with a significant cardioembolic risk secondary to the atrial fibrillation or LVT occurrence [42,45,46]. A recent study by Moreira HT et al., involving 330 patients with Chagas cardiomyopathy, found a prevalence of ischemic cerebrovascular events (ICE) of 20%, with 67 patients experiencing an ICE [46]. Most patients were classified in New York Heart Association classes I or II (75%) with an average left ventricular ejection fraction of 39 ± 14% [46]. Left ventricular mural thrombi were found in 48 patients (15%), and 128 patients (39%) had apical aneurysms. Multivariate analysis, including potential predictors of ICE, identified apical aneurysm and LVT as important determinants of ICE after adjustment for anticoagulant therapy [46], similar to HCM with apical aneurysm.




3.5. Cardiac Amyloidosis


CA may lead to a significant impairment of cardiac function, and one of its potentially fatal complications is the formation of intracardiac blood clots. While a few cases of intraventricular thrombus have been described, it is important to note that, in most cases of amyloidosis, intracardiac clots are primarily found in the atrial appendages. A retrospective study by Feng et al., involving 159 CA patients with transesophageal echocardiography evaluation, revealed a prevalence of 27% for intracardiac thrombosis, with almost all found in the atrial appendages (88%) [47]. There are currently no available data on the actual LVT prevalence in CA patients. A study conducted by Martinez-Naharro A. et al. on 324 CA-diagnosed patients revealed a notable prevalence of intracardiac thrombi in patients with both cardiac amyloidosis and atrial fibrillation even with proper anticoagulation (13.1% of study patients), challenging current cardioversion guidelines [48]. The authors proposed the necessity of tailored cardiac imaging in CA patients prior to cardioversion, regardless of their anticoagulation status. This is reinforced by multiple case reports indicating a heightened risk of intracardiac thrombi, even in the absence of documented atrial fibrillation, within this unique patient cohort. Hence, the question of whether prophylactic anticoagulation is universally warranted in all CA patients remains open, necessitating further research.




3.6. Left Ventricle Thrombosis in the Cardio-Oncology Era


The risk of thrombosis is influenced by the extent of coagulation abnormalities and endothelial damage caused by both cancer itself and the treatment used, e.g., chemotherapy with platinum compounds (e.g., cisplatin and oxiplatin), immunomodulatory drugs (e.g., thalidomide and lenalidomide), proteasome inhibitors (e.g., bortezomib and carfilzomib), endocrine therapy for breast cancer, or androgen deprivation therapy (Figure 2) [49,50]. Despite its infrequency, multiple case reports have underscored the significance of screening for intracardiac thrombi, given the high-risk population and potential life-threatening consequences [51,52].



Determining the LVT incidence in chemotherapy-associated cardiac dysfunction remains challenging, primarily due to limited sample sizes in studies, the predominance of retrospective designs, and variations in research methodologies. For example, in a study of 121 patients with chemotherapy-related severe LV dysfunction (LV ejection fraction ≤ 30%), 9 (7.4%) patients were diagnosed with intracardiac thrombi [53].



The thrombotic mechanisms in cancer patients differ from those without a history of cancer, with the tissue factor playing a pivotal role in cancer-associated thrombosis by activating the extrinsic coagulation pathway, leading to fibrin synthesis and platelet activation [54]. Moreover, cancer cells may produce cancer pro-coagulant factors and inflammatory cytokines, promoting endothelial dysfunction and further contributing to cardiac thrombosis [54]. Importantly, cancer cell-produced plasminogen activator inhibitor-1 inhibits the fibrinolytic system, disrupting the pro-anticoagulation balance and facilitating thrombus formation [54]. Apart from the abovementioned intrinsic mechanisms, various factors, such as the site of malignancy (including hematological malignancies, lung, pancreas, or brain cancers), the presence of metastatic disease, and demographic patient characteristics may contribute to an increased incidence of thrombotic events in cancer patients [54,55].




3.7. Peripartum Cardiomyopathy


Peripartum cardiomyopathy (PPCM) is an infrequent cardiomyopathy variant manifesting in the late stages of pregnancy or postpartum, with notable features including compromised cardiac systolic function, diminished left ventricular ejection fraction (usually left ventricle ejection fractions < 45% but not limited to it), and/or the enlargement of the left ventricle, in the absence of identifiable alternative causes of heart failure [55]. Risk factors attributed to PPCM include African–American ethnicity, an older maternal age, multiple gestational pregnancy, and the presence of arterial hypertension [56]. Other potential contributors/mechanisms attributed to PPCM onset encompass various genetic factors, low selenium levels, viral infections during pregnancy, stress-triggered cytokines’ release and/or ongoing inflammation, an abnormal autoimmune response, pathological reactions to hemodynamic strain, disproportionate oxidative stress, and the stimulation of antiangiogenic factors, promoting endothelial injury [57].



The PPCM occurrence varies significantly based on the ethnic/racial and geographical context of women. Individuals of African descent, including Africans and African–Americans, face a heightened risk of PPCM, with estimated incidences of 1:100 pregnancies in Nigeria and 1:299 in Haiti; meanwhile, among Caucasian European populations, the incidences range from 1:1500 pregnancies in Germany to 1:10,000 in Denmark [57].



LVT was reported in approximately 10% to 17% of initial TTEs, with thromboembolic complications reported in 5% to 9% of affected women [56]. The high occurrence of thromboembolic events in PPCM was potentially associated with pregnancy-induced hypercoagulability, biventricular enlargement and dysfunction, venous stasis, prolonged bed rest, and postoperative conditions following cesarean section, with some of the abovementioned mechanisms being the substrate of PPCM development itself [56]. In addition to LVT onset, the presence of other risk factors, such as obesity, severe left ventricle systolic dysfunction (left ventricle ejection fraction ≤ 30%), and right ventricle abnormalities was linked to worse prognoses and incomplete recovery of cardiac function with high mortality rates [56,58], emphasizing the need for systematic screening of cardiac abnormalities, including the presence of intracavitary thrombi in patients at risk of PPCM occurrence.



In a recent study involving 159 suspected cases of PPCM in a Chinese cohort, intracardiac thrombi were identified in 22 patients, with 19 of them exhibiting LVT and 2 patients with biventricular thrombi [59]. The management in these cases is still debatable. Efficient and precise anticoagulation therapy holds considerable importance for PPCM patients, although the exact criteria for initiating such treatment remain uncertain [56,59]. In accordance with the Heart Failure Association of the European Society of Cardiology’s position statement on PPCM, a preventive regimen of low-molecular-weight heparin or oral anticoagulants is advised for PPCM patients with reduced left ventricular ejection fraction (LVEF) [57]. However, therapeutic anticoagulation is strongly recommended for those with confirmed intracardiac thrombus via imaging or evidence of systemic embolism, as well as for patients experiencing paroxysmal or persistent atrial fibrillation [57].





4. Pharmacological Treatment and Prevention


The primary goal of treatment is to prevent LVT occurrence. Most data on LVT and non-ischemic cardiomyopathy come from retrospective studies, and there is currently no recommendation on the use of prophylactic anticoagulation, although some authors suggest the possibility of starting therapeutic anticoagulation in certain conditions, especially in HCM with medium to large apical aneurysms [39].



Existing data on prophylactic anticoagulation in ischemic heart disease are not directly applicable to non-ischemic cardiomyopathy (NICM) patients, as these patients are also on antiplatelet therapy and have a different bleeding risk. The use of reduced-dose direct oral anticoagulants (DOACs) after a previous myocardial infarction to reduce the occurrence of left ventricular thrombus is being studied in the French APERITIF study (N = 560 patients; NCT05077683), in which a low dose of rivaroxaban at 2.5 mg twice daily is being evaluated [60]. This strategy seems promising, as shown in a study by Zhang Z et al., in which 279 patients with anterior ST-segment elevation myocardial infarction undergoing primary percutaneous coronary intervention were randomized to receive either low-dose rivaroxaban (2.5 mg twice daily) in addition to dual antiplatelet therapy (DAPT) or DAPT alone [61]. The primary endpoint was the occurrence of LVT within 30 days, and the results were positive, showing a reduction in thrombus formation (0.7% vs. 8.6%; HR: 0.08; 95% CI: 0.01–0.62; p = 0.015; p < 0.001 for superiority) [61].



After the formation of the thrombus, the objectives of antithrombotic treatment are to achieve the complete disappearance of the thrombus, prevent strokes and systemic embolism, and improve prognosis. In addition to a reduced risk of embolism, the association between complete resolution of the thrombus and a reduction in mortality was demonstrated in a recent study by Lattuca B et al., including 159 patients with diagnosed LVT [62]. Patients in this study were treated with vitamin K antagonists (VKAs) (48.4%), parenteral heparins (27.7%), and direct oral anticoagulants (22.6%). The frequency of events was significant, with a rate of major adverse cardiovascular events of 37.1%, mortality of 18.9%, stroke of 13.3%, and major bleeding of 13.2% during the follow-up period [62].



In the case of LVT’s onset in the course of an acute coronary syndrome, the latest guidelines from the European Society of Cardiology in 2023 on ACS management recommend starting oral anticoagulant therapy (warfarin or DOAC) once a left ventricular thrombus has been diagnosed for a duration of 3 to 6 months guided using repeated echocardiography or cardiac magnetic resonance imaging, taking into account the bleeding risk and the need for concomitant antiplatelet therapy [63].



The traditional treatment for intraventricular thrombus involves the use of VKAs to maintain an international normalized ratio (INR) between 2 and 3. The current scientific data on the use of VKAs are summarized mainly in a meta-analysis from the early 1990s based on only 270 patients in 7 studies. This analysis concluded that VKA treatment, compared to placebo, reduced the risk of embolic complications. However, there was no information regarding thrombus reduction [64]. Due to the difficulty of using VKAs and their challenging monitoring, the use of direct oral anticoagulants has been considered due to their favorable benefit–risk balance compared to VKAs in atrial fibrillation and venous thromboembolic disease. A recent study showed that up to 43.9% of patients diagnosed with LVT were treated with DOACs outside atrial fibrillation and venous thromboembolism indications [65].



The comparison of the effectiveness of DOAC with VKA in LVT treatment was studied in a meta-analysis by Saleh et al. [66]. Based on 13 studies and including 2395 patients, this meta-analysis highlighted similar regression rates between direct oral anticoagulants and VKAs, with rates of 71.4% and 71.9%, respectively (p = 0.36), and similarly high rates of embolic complications in line with the Lattuca B et al. cohort, with 15.6% and 21.3% of embolic events, respectively (p = 0.57) [66,67]. Furthermore, a prospective, multicenter, randomized study in 2021 by Alcalai et al. compared apixaban and warfarin in patients with LVT occurrence post-myocardial infarction [68]. Thirty-five participants were enrolled, demonstrating comparable thrombus regression rates at 3 months: 93% for warfarin and 94% for apixaban [68].



Lastly, in 2021, the No-LVT Trial led by Abdenabi et al. randomized 79 patients to receive either warfarin or rivaroxaban 20 mg for anticoagulation [67]. Of these patients, 78.5% had ischemic heart disease, and 53.1% were on dual antiplatelet therapy. Complete LVT resolution was observed in 71.79%, 76.92%, and 87.17% of the rivaroxaban group, compared to 47.5%, 67.5%, and 80% in the warfarin group at 1, 3, and 6 months, respectively [67]. Notably, resolution at one month was significantly higher in the rivaroxaban group compared to the warfarin group (odds ratio: 2.8; p = 0.03) [67]. DOACs appear to be a promising alternative to traditional oral anticoagulants (VKAs), especially in reducing bleeding risk. The doses of rivaroxaban and apixaban in these two studies are identical to those evaluated for atrial fibrillation doses used for preventing the formation of blood clots. Since patients with LVT are already in a thrombotic state, the use of a higher dosage derived from the treatment of venous thromboembolic disease is questionable. There is currently no study answering this question. Moreover, as the majority of patients are also treated with dual antiplatelet therapy, the use of higher doses of DOACs could pose a bleeding risk and result in a loss of benefit. The necessity of starting low-molecular-weight heparin for 7 days before switching to Dabigatran and Edoxaban is unknown. Additional studies are needed for this specific situation involving the presence of intracavitary thrombi.



Future Clinical and Research Perspectives


Future investigations should prioritize establishing specific criteria for prophylactic or therapeutic anticoagulation to address intracavitary thrombi, tailored to the severity of cardiac dysfunction and additional risk factors impacting patient outcomes. The existing clinical protocols for anticoagulation therapy, even in the presence of atrial fibrillation, are subjected to numerous limitations, necessitating validation through large-scale, multi-ethnic, and multicentric cohorts.



While DOACs offer an alternative to VKAs, substantial gaps persist regarding their long-term efficacy in non-ischemic cardiomyopathies, including various pharmacological interactions that may alter their benefit. The uniqueness of our review lies in its comprehensive exploration of both ischemic and non-ischemic cardiopathies, encompassing cardiotoxicity—an area where current guidelines lack robust clinical evidence and often rely on expert consensus.





5. Conclusions


Left ventricular thrombus may occur in both ischemic and non-ischemic cardiomyopathies. While its incidence during acute coronary syndrome has decreased due to advancements like percutaneous angioplasty, it still ranges from 12 to 27% in anterior infarctions. The presence of LVT worsens prognoses, increasing the risks of death, stroke, systemic embolism, and bleeding related to treatment. Although late gadolinium-enhanced cardiac magnetic resonance imaging is the favored diagnostic approach, its limited accessibility poses challenges in clinical practice. There are epidemiological distinctions between LVT associated with ischemic cardiomyopathy and non-ischemic cardiomyopathy. However, determining LVT’s prevalence in various cardiopathies (such as Takotsubo syndrome, hypertrophic cardiomyopathy with apical aneurysm, eosinophilic myocarditis, Chagas disease, and amyloidosis) remains challenging due to limitations in study design, their retrospective nature, and biases inherent in registry or small retrospective studies. The current treatment still relies on the use of VKAs, although several studies and meta-analyses tendto generalize the use of DOACs. There are currently no prospective randomized data on the optimal treatment regimen, duration of anticoagulation, or the combination of oral anticoagulation with antiplatelet agents, so the choice of treatment should be adapted to the patient’s clinical condition and follow-up.
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Figure 1. The background mechanism of left ventricle thrombus (LVT) formation in both ischemic and nonischemic cardiomyopathy is represented by the presence of left ventricle dysfunction in the context of multifactorial myocardial injury. Cardiac magnetic resonance (CMR) with late gadolinium enhancement (LGE) evaluation constitutes the gold standard for LVT detection; however, the accessibility is limited. Therefore, echocardiography with or without contrast is routinely performed nowadays in the case of LVT suspicion. Currently, the medical management includes anticoagulation in addition to the specific treatment of the underlying cardiomyopathy. 






Figure 1. The background mechanism of left ventricle thrombus (LVT) formation in both ischemic and nonischemic cardiomyopathy is represented by the presence of left ventricle dysfunction in the context of multifactorial myocardial injury. Cardiac magnetic resonance (CMR) with late gadolinium enhancement (LGE) evaluation constitutes the gold standard for LVT detection; however, the accessibility is limited. Therefore, echocardiography with or without contrast is routinely performed nowadays in the case of LVT suspicion. Currently, the medical management includes anticoagulation in addition to the specific treatment of the underlying cardiomyopathy.



[image: Diagnostics 14 00948 g001]







[image: Diagnostics 14 00948 g002] 





Figure 2. Oncological therapies and cancer localizations associated with high incidence of thrombotic events. Intrinsic mechanisms triggering thrombosis vary from activation of pro-coagulant factors and process to inhibition of intrinsic anticoagulation action. 
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