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Abstract: Loeffler endocarditis, eosinophilic endocarditis or eosinophilic endomyocardial disease are conditions associated with 
hypereosinophilia and they affect the heart function. Loeffler endocarditis is a rare endomyocardial disorder thought to be caused by 
eosinophilic damage. The disorder is characterized by inflammatory infiltration, formation of thrombus within cardiovascular system, 
and ultimately fibrosis of the afflicted area. It can lead to multiple severe complications, including thromboembolic disease, thickening 
of fibrous tissue in the endocardium of ventricles, valve involvement, apical obliteration, and various heart disorders. Although early 
clinical intervention can lead to remission, the underlying mechanisms of the disorder remain unresolved. In the present article, we 
summarise the existing literature concerning Loeffler endocarditis based on PubMed, Web of Science, and other medical databases to 
conduct an in-depth review of the epidemiology, etiology, pathophysiological mechanisms, staging, diagnosis, treatment and prognosis 
of Loeffler endocarditis. Meanwhile, we provide novel patients data and clinical figures of Loeffler endocarditis to supplement the 
understanding of this cardiac disorder. The findings presented in this article provide a basis for further studies and can be used to 
improve management of the disorder. 
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Introduction
Loeffler endocarditis is a rare endomyocardial disorder thought to be caused by eosinophilic damage.1–4 In 1936, Loeffler 
initially documented a case of progressive heart failure characterized by eosinophilia and thickening of the endocardium due to 
inflammation, which were recognized as manifestations of hypereosinophilic syndrome (HES).5 Loeffler endocarditis is 
caused by an elevated count of eosinophils, often associated with allergies, infections, malignancies, autoimmune events, 
parasite infection and Churg-Strauss syndrome, now termed eosinophilic granulomatosis with polyangiitis.6–10 The incidence 
of cardiac involvement in adults with HES presentations ranges from 40% to 50%.11,12 This form of endocarditis is 
characterized by high morbidity and mortality with limited effective treatments at the advanced stages.13 However, the 
published reviews on this endocardial disorder are limited and primarily rely on case reports and case series, thus they lack 
sufficient data and illustrations to elucidate the distinct traits of Loeffler endocarditis. Eosinophil infiltration into the heart 
results in cardiac damage as these cells undergo degranulation, releasing toxic granule proteins that contribute to heart 
damage,14 mainly caused by ribonucleases and eosinophils major basic protein.15 Loeffler endocarditis can cause certain 
complications, such as systemic thromboembolic events, progressive heart failure, arrhythmias, and sudden cardiac death.16–18 

In this in-depth review, we discuss the epidemiology, etiology, pathophysiological mechanisms, staging, diagnosis, treatment 
and prognosis of Loeffler endocarditis. In addition, we share some relatively uncommon images obtained from patients with 
Loeffler endocarditis.
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Epidemiology and Etiology
Studies on Loeffler endocarditis are limited due to the few cases of the disease. Loeffler endocarditis has not been fully 
explored and its prevalence has not been accurately elucidated. Some scholars believe that eosinophilia is a risk factor for 
this uncommon cardiac condition. The prevalence of cardiac damage in adults with hypereosinophilia is 40% to 50%.11,12 

Some studies report a higher frequency of cardiac damage in more than 50% of all patients with HES.19–21 Only a limited 
number of pediatric cases exhibiting cardiac involvement have been documented.7,22 Less than 10% of Loeffler 
endocarditis cases are observed in individuals under the age of 16.23 Factors that increase the risk of cardiac damage 
in patients diagnosed with HES include HLA-Bw44 positivity, thrombocytopenia, elevated vitamin B12 levels, spleno-
megaly, and the presence of FIP1L1-PDGFRA fusion tyrosine kinase.12,24,25 People who have lived in regions with high 
rate of parasite infections may have higher risk of cardiac damage resulted from secondary activation of eosinophilia.13 

Eosinophilia can be classified into three sub-types including, primary, secondary and idiopathic. Idiopathic eosinophilia is 
a rare type without definite cause of the increased level of eosinophils, but this is the most common type in patients with 
Loeffler endocarditis.26–28

Pathophysiological Mechanisms
The pathophysiological mechanism of Loeffler endocarditis has not been fully elucidated. Some studies report that 
degranulated eosinophils release eosinophil cationic protein that attacks the endocardium. Moreover, the eosinophil 
cationic protein dysregulates blood coagulation leading to thrombus formation in the cardiovascular system, and 
eventually fibrosis.

Degranulation of Eosinophils
Eosinophils are types of white blood cells formed through differentiation of the bone marrow stem cell. Eosinophils 
occasionally infiltrate the cardiac system. Biopsy of Loeffler endocarditis unveiled the existence of degranulated 
eosinophils and eosinophil cationic protein within the endocardium, accompanied by activated eosinophils and hydrolytic 
enzymes in the myocardial interstitium.2 The cationic proteins are mediators of inflammation and are highly toxic to 
myocardial cells.14 Distinctive cardiac myocytolytic alterations, marked by disruptions at the intercellular junctions, 
become apparent when observed through electron microscope.29 Endomyocardial cells are highly susceptible to the effect 
of cationic proteins leading to apoptosis and necrosis.

Dysregulation of Blood Coagulation Homeostasis
Eosinophil cationic proteins combine with the anionic domain of coagulation factors inhibiting formation of coagulation 
regulatory protein complex. This complex prevents formation of thrombus by acting as anticoagulant. Moreover, 
eosinophil cationic proteins can activate coagulation factors and trigger vascular endothelial injury.30 As a result, 
substantial mural thrombi form within either the right or left ventricle, leading to a decrease in ventricular cavity 
dimensions. This reduction of ventricular cavity size and anticoagulant complex presents a potential trigger for systemic 
thromboembolic incidents and, eventually, contributes to the development of fibrosis.28,31,32

Staging of Loeffler Endocarditis
Loeffler endocarditis is classified into acute necrosis stage, thrombotic formation stage and fibrosis stage (Figure 1). 
Although the clinical features of the three stages is associated with their respective pathophysiological mechanism, they 
can overlap with each other during the disease development.13,33

Acute Necrosis Stage
The initial phase of this ailment is characterized as the acute necrotic stage. During this phase, endomyocardial apoptosis and 
necrosis are triggered by eosinophilia, facilitated by the degranulation and release of cationic proteins, alongside the presence 
of reactive oxygen species.11,16,34 Eosinophilic infiltration begins in this phase and is associated with inflammatory damage. 
The disease is typically asymptomatic during this stage. However, troponin levels may be elevated during the acute necrotic 
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stage.35 Electrocardiogram conducted during the first stage may reveal sinus tachycardia, nonspecific ST changes, or 
atrioventricular block.36 Endomyocardial biopsy could reveal positive staining indicative of eosinophils and cationic protein 
presence.37 In a prior investigation, a 55-year-old male with biopsy-confirmed Loeffler endocarditis, diagnosed with the 
condition during the acute necrotic phase, was effectively treated using steroid therapy.38 These findings lay a basis for timely 
diagnosis and initiating treatment during the early stages of Loeffler endocarditis.

Thrombotic Formation Stage
The second phase is thrombotic formation stage. Eosinophil cationic protein inhibit the formation of coagulation regulatory 
protein complex and plays a role in progression of the disease by binding to endothelial thrombomodulin.11,16,19,34 In addition, 
damage of the vascular wall by eosinophils leads to a hypercoagulable state, resulting in thrombotic formation.11,39,40 

Significantly, occurrence of systemic thromboembolic events secondary to the formation of intraventricular thrombi are 
major risk factors for morbidity and mortality within individuals affected by Loeffler endocarditis.41 Cerebral infarction, acute 
abdominal aortic obstruction, pulmonary embolism, and even sudden cardiac death can be caused by thrombus 
formation.18,28,31,32,42

Fibrosis Stage
The last phase of the disease is the fibrosis stage. This stage exhibits similar pathophysiology to restrictive 
cardiomyopathies.8,13,25 However, the pathological features observed during this stage are attributed to endocardial fibrosis 
induced by fibro-inflammatory processes and remodeling of granulation tissue, instead of amyloidosis, hemochromatosis, or 
non-caseating granulomas.8,13,43,44 Cardiac thrombus and afflicted endomyocardial tissue may be substituted by fibrosis 
changes. Previous studies reported Loeffler endocarditis patients exhibited heart failure caused by ventricular fibrosis.8,25 

Findings in a previous review indicate that apical and ventricular obliteration associated with the thickening of fibrous 
endocardium of ventricles is observed during the third stage.13 An investigation involving 90 patients revealed that over half of 

Figure 1 The staging of Loeffler endocarditis. Endomyocardial infiltration with myeloid eosinophils and lymphocytes. 1st Stage of Acute Necrosis stage; 2nd Stage of 
thrombosis stage; 3rd Stage of fibrosis stage.
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the cases exhibited biventricular lesions, as opposed to being confined to one side of the heart.45 Involvement of the heart 
valves can lead to concurrent valvular regurgitation, frequently observed in the tricuspid or mitral valves, and irregular motion 
of the septum.19,46–48 In addition, the fibrosis can affect cardiac conduction leading to severe arrhythmia.8,19,49 Myocardial 
biopsy conducted during fibrosis stage shows low levels or absence of eosinophils.13

Diagnosis of Loeffler Endocarditis
The diagnosis criteria for this disease include occurrence of hypereosinophilia in the peripheral blood >1,500/mm3 on 
two separate occasions (>1 month apart),13,21,50 or prolonged hypereosinophilia, defined as the presence of elevated 
eosinophil levels (>1,500 eosinophils × 10^6/L) in peripheral blood for a duration exceeding 6 months associated with 
eosinophilic infiltration-related cardiac damage.4 A comprehensive diagnosis of Loeffler endocarditis should comprise 
analysis of peripheral blood, cardiac enzyme levels, liver and renal function tests, electrocardiogram (ECG), bone 
marrow test, abdominal and chest computerized tomography (CT), echocardiogram, cardiac magnetic resonance imaging 
(CMRI), and tissue biopsies.13 Endomyocardial biopsy is currently the gold standard for diagnosis of the condition.2,13

Clinical diagnosis
The clinical heterogeneity of Loeffler endocarditis limits understanding the pathogenesis of this disease. The clinical diagnosis 
of Loeffler endocarditis includes laboratory test, ECG and history of the patient to confirm nonspecific signs and symptoms 
observed during the early stages of Loeffler endocarditis. The initial manifestations of this disorder may comprise nonspecific 
cardiogenic symptoms, such as progressive heart failure, breathlessness, pulmonary edema, leg edema, pericarditis, pericar-
dial effusions, chest pain, splenomegaly, and embolism associated with high levels of eosinophils in peripheral 
blood.8,18,19,25,50–52 Symptom onset is unpredictable, with a wide spectrum of manifestations ranging from mild presentations 
to severe and potentially fatal complications.18,19 Increased cardiac enzyme levels can be observed due cardiac damage caused 
by Loeffler endocarditis.13 Progressive heart failure is associated with elevated levels of brain natriuretic peptides (BNP).8,25,52 

Frequent ECG findings include atrial enlargement, atrioventricular blocks, aberrant Q-wave, R-wave or T-wave patterns, 
diminished voltage, left ventricular hypertrophy, and non-specific ST changes.13,51,53 Comprehensive evaluation should 
meticulously rule out any alternate sources of systemic or cardiac dysfunction, through an in-depth assessment and exploration 
of potential factors. This includes investigating other possible causes, such as coronary artery disease, through the imple-
mentation of procedures like coronary angiography. Cardiac multimodality and systemic-associated evaluations should be 
conducted by the respective specialists.

Marrow Analysis
Loeffler endocarditis is a disorder linked to hypereosinophilia and defined by disrupted bone marrow development.4,42 

Certain underlying causes, such as the lymphocytic and myeloproliferative diseases (malignancy, lymphoma and 
leukemia) can be detected relatively easily by bone marrow test. Myeloid disorders display clonal expansion of 
eosinophils, often accompanied by the presence of fusion genes, chromosomal rearrangements, or detectable gene 
mutations. Bone marrow biopsy can show the proportion of eosinophils and can be used for morphological analysis 
and molecular pathology. A prior study indicated that the existence of the FIP1L1-PDGFRA mutation is correlated with 
an elevated risk of cardiac involvement in cases of hypereosinophilia and is associated with a less favorable prognosis.54 

A bone marrow examination was employed to diagnose a case of Loeffler endocarditis, revealing the presence of the 
FIP1L1-PDGFRA fusion gene in 82% of segmented nucleated cells.25 In a separate study, molecular assessments of bone 
marrow cells were conducted to diagnose a case of Loeffler endocarditis. The findings revealed lack of FIP1L1-PDGFRA 
fusion, PDGFRB mutation, as well as irregular myeloid maturation and concurrent lymphoproliferative disorder.38 The 
association of hypereosinophilia and B-lymphoblastic lymphoma was reported in a previous study.55 In our study, we 
present a bone marrow smear of Loeffler endocarditis showing significant eosinophilia without abnormal myeloid cells 
(Figure 2A), and the morphology of degranulated eosinophils (Figure 2B). Flow cytometry (FCM) showed the myeloid 
clonality and counts of eosinophils in Loeffler endocarditis (Figure 3).
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Characteristic Images
Cardiovascular imaging plays a key role in the diagnosis of Loeffler endocarditis.8,56,57 The choice of imaging techniques 
employed to diagnose Loeffler endocarditis evolves in tandem with the advancement of the disorder. Multimodal imaging 
is preferred due to its comprehensive and complementary nature. Echocardiography serves as a fundamental initial 
diagnostic tool, facilitating the assessment of cardiac function, intracardiac thrombosis, ventricular dimensions, hyper-
trophy, and valvular engagement.1,19,58,59 Echocardiography is effective for distinguishing typical thrombotic obliteration 
of the apex from apical hypertrophic cardiomyopathy, and it aids in evaluating the precise location, dimensions, and 
structure of thrombi.13 However, this method is does not discern the precise boundary between the endocardium and 
thrombus, potentially causing the oversight of affected regions and yielding false-negative results in biopsy findings.1 

Loeffler endocarditis frequently impacts the lateral wall and valve apparatus, resulting in instances of mitral or tricuspid 
regurgitation. These occurrences can be identified through the utilization of echocardiography.13 In the case presented in 
our study, echocardiogram revealed that Loeffler endocarditis resulted in heart failure characterized by preserved ejection 
fraction (Figure 4). Further, left ventricular hypertrophy and complete apical obliteration (Figure 4A), right ventricular 
thrombus (Figure 4B), and 58% preserved ejection fraction (EF) (Figure 4C) were observed through echocardiography. 
The echocardiography features of Loeffler endocarditis may not typical thus providing insufficient details for diagnosis. 
The echocardiography approach results in nonspecific findings and may not enable differentiation of Loeffler endocarditis 
from other cardiomyopathies with similar manifestations.60,61 CMRI can be used to further assess the positive findings 
from echocardiography procedure. CMRI has high level of accuracy, as it can discern early alterations and comprehen-
sively delineate the characteristics of the endocardium, as well as enable identification of thrombus presence across all 
phases of the disease.62 CMRI shows late gadolinium enhancement in the initial and third stages, which correlates with 
inflammatory damage and subsequent fibrosis, respectively. Additionally, intracardiac thrombus is evident during 
the second stage.16,49,51,52,63 Furthermore, CMRI can also be used to investigate endomyocardial inflammatory alterations 
and edema, detectable through an elevated T2 signal13 In a previous instance, CMRI was utilized for diagnosis of a case 
of Loeffler endocarditis, revealing the presence of a right ventricular mass consisting of thrombus alongside extensive 
endomyocardial fibrosis.18 Additionally, CMRI revealed complete obliteration of the left ventricular apex caused by 
a mass exhibiting a density comparable to that of the myocardium.64 CMRI is effective in distinguishing Loeffler 
endocarditis from other cardiomyopathies, such as myocardial apical tumors or apical hypertrophic cardiomyopathy.64 

Furthermore, CMRI can serve as a tool for monitoring the progression of Loeffler endocarditis by assessing the 
augmented accumulation of fibrotic tissue, diastolic or systolic dysfunction, and changes related to thrombosis.13 

Chest CT is an initial diagnostic approach when evaluating a patient with suspected Loeffler endocarditis. The role of 
CT evolves throughout the various stages of the disease. CT is performed to identify intracardiac thrombotic lesions and 
to delineate the subendomyocardial thrombus during the second stage by revealing an isodense signal intensity of the 
endocardium and the thrombus.65 In the third stage, CT can also be used to precisely identify the regions of replacement 
fibrosis, which are characterized by ventricular mass (Figure 5A). These features in the regions of replacement fibrosis 

Figure 2 Bone marrow smear of Loeffler endocarditis. (A) Active myeloid proliferation, marked eosinophilia without abnormal myeloid cells (arrow); (B) Morphology of 
degranulated eosinophils (arrow).
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indicate endomyocardial pathologic remodeling.65,66 Furthermore, CT is employed to evaluate extracardiac involvement 
in cases of Loeffler endocarditis,67 such as sarcoidosis, pulmonary fibrosis, pulmonary edema, and unilateral or bilateral 
pleural effusion (Figure 5B). Notably, CT is not effective for examination of the acute necrotic stage.65 These findings 

Figure 3 Flow cytometry (FCM) of Loeffler endocarditis with significant myeloid hypereosinophilia.
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show that different imaging approaches are suitable for different stages of the disease, thus multimodality imaging 
approach should be used for diagnosis of Loeffler endocarditis.

Histopathological Biopsy
The definitive and established method for diagnosis of Loeffler endocarditis is through the utilization of endomyocardial 
biopsy, which serves as the gold standard. There are few histopathological images of Loeffler endocarditis in published 
studies because it is risky to perform the operation.13 The histopathological features are correlated with the stages of 
Loeffler endocarditis. Inflammatory necrosis caused by eosinophilic infiltration can be observed under a microscope 
(Figure 6A). However, most studies do not present microscopy images of the second stage characterized by intracardiac 
thrombus (Figure 6B). Endomyocardial biopsy can be used to distinguish the boundary between thrombus and endo-
cardium. Notably, the third stage of endomyocardial fibrosis is always nonspecific because an eosinophilic damage may 
take long to develop into fibrotic disease (Figure 7A).51,63 A previous study reported absence of endomyocardial 
eosinophilic infiltration during the third stage.68 Masson staining (Figure 7B) and immunohistochemical method 
(Figure 7C–D) are useful methods to confirm fibrosis and inflammatory repair of endomyocardial eosinophilic damage.32

Figure 4 Echocardiogram of Loeffler endocarditis causing heart failure with preserved ejection fraction. (A) Left ventricular hypertrophy and complete apical obliteration; 
(B) Right ventricular thrombus; (C) Preserved ejection fraction (EF) of 58% (red square).

Figure 5 Computerized tomography (CT) manifestation of Loeffler endocarditis. (A) Ventricular mass composed of thrombus and endomyocardial fibrosis (red arrow); (B) 
Loeffler endocarditis with bilateral pleural effusion (white arrow).
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Treatment and Prognosis of Loeffler Endocarditis
Loeffler endocarditis is a form or the cardiac manifestation of the hypereosinophilia syndrome. The aim of treatment of this 
disease is to decrease the levels of eosinophils and to prevent further organ damage and systemic thromboembolic events. 
The choice of treatment is dictated by the disease stage and the degree of cardiac/extracardiac damage. Corticosteroids are 
the most frequently used drugs applied through a stepwise approach.13,38,69,70 After corticosteroids, the treatment regimen 
may involve cytotoxic agents such as hydroxyurea, azathioprine, or tyrosine kinase inhibitors, as well as mepolizumab, an 
immunomodulatory agent directed towards eosinophils. In cases that prove resistant to conventional treatments, interferon- 
alpha can be considered as an alternative approach.13,38,50,71,72 Samples obtained from individuals with Loeffler endocarditis 
should undergo testing using fluorescence in situ hybridization (FISH) to identify the presence of the FIP1L1-PDGRFA gene 
fusion. This assessment serves as a crucial tool for guiding the appropriate management of the disease.13,24,38,54 The 
significance of this test lies in its ability to determine the presence of the FIP1L1-PDGRFA gene fusion, which in turn 
informs treatment decisions, especially considering the effectiveness of imatinib in individuals harboring this fusion. The 
efficacy of such drugs has been substantiated, particularly in the initial phases of Loeffler endocarditis.24,54 A previous study 
documented significant ventricular remodeling in Loeffler endocarditis patients treated solely with prednisone and warfarin, 
as evidenced by a favorable outcome over a follow-up period of 7 years.47 We prefer to believe that it is not reverse 
remodeling but a clinical manifestation of damage repair and ventricular compensation. Presently, medical therapeutic 
options are limited in the advanced stage of the disease. During these stages, most patients manifest heart failure due to 
restrictive changes. Management of this condition typically involves a combination of diuretics, beta-adrenergic blockers, 
digoxin, ACE inhibitors (ACEI), angiotensin receptor blockers (ARB), aldosterone antagonists, and corticosteroids. In 

Figure 6 Histopathological biopsy of Loeffler endocarditis. (A) Necrosis and inflammatory damage with eosinophilic infiltration in the first stage (×400), and the black arrow 
expressing eosinophils infiltration; (B) Thrombosis (red circle) of endocardium (green arrow) in the second stage (×400).
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addition, there should be a common standard, such as NYHA scoring or EF value, to reflect the efficacy of medications in 
these patients with heart failure manifestation. However, the assessment and management processes remain center-specific. 
In our study, a case of Loeffler endocarditis (Figure 8A–B) with heart failure was successfully treated with diuretics, ACEI 
and corticosteroids indicated by 77.5% EF (Figure 8C). This is the same patient who has been showed in Figure 4. The cause 
of the improved symptoms is controversial for the patient. We thought that an EF of 58% to 77.5% may be the intuitive cause 
of improved symptoms after diuretics, ACEI and corticosteroids. However, expert considered that it is typically diastolic 
heart failure with preserved EF. Therefore, the EF is not helpful unless it was previously abnormally low. Simultaneously, we 
should search the evidence of systolic heart failure for the patient. In addition, this expert suspect that the diuretics and 
corticosteroids are what the patient responded to otherwise. We believe that these viewpoints are valuable to conduct our 
clinical pratices. Furthermore, adequate anticoagulant therapy is important for patients with high risk of thromboembolic 
events. The risk of fatal heart failure and cardiac arrhythmias also increases when fibrosis ensues due to the restrictive 
cardiomyopathy and circulation system damage. Biopsy-proven endomyocardial fibrosis commonly represents a chronic 
cardiac damage with no effective treatment.11,13,51 Although, a previous study reported rapid remission of mitral regurgita-
tion in a patient with Loeffler endocarditis 10 days after treatment with prednisolone.2 Valve replacement is an effective 
treatment approach for cases of Loeffler endocarditis with valve damage. However, valve replacements are also at higher risk 
in these patients and may not last as long as in other indications, such as rheumatic or congenital valve disorders for 
replacement. Endocardial stripping and heart transplant are the primary treatments approaches at this stage, but they are 
associated with high operative mortality.

A positive prognosis is closely associated with the early detection of the disease. However, a substantial number of 
patients are diagnosed at advanced stages, often following the manifestation of severe symptoms associated with cardiac 
or multi-organ impairment. Limited treatment options are available for patients presenting with fibrosis and the 2-year 
mortality rate for this group is 30–50%,38 the 1-year survival rate is 70–80% and the 10-year survival rate is 30%.73

Figure 7 Endocardial fibrosis of the end stage of Loeffler endocarditis. (A) Endocardial fibrosis with H&E stain (×400); (B) Blue Fibrotic layer with Masson Trichrome stain 
(×200); (C–D) T cells and macrophages infiltration with immunohistochemical (IHC) stain (×200).
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Conclusion
Loeffler endocarditis represents a rare disease linked to hypereosinophilia, characterized by an unfavorable prognosis and 
high mortality rates. Timely diagnosis and prompt intervention play a pivotal role in enhancing patient outcome. The 
utilization of diverse diagnostic methods is crucial for diagnosis and staging of Loeffler endocarditis. Concomitant heart 
failure is the most common clinical course, necessitating a special comment as bridge to understand the efficacy of 
standard heart failure medications. Simultaneously, a comprehensive and multifaceted therapeutic approach is imperative 
for effective management patients with this condition.
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