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ABSTRACT
Eosinophil- mediated endomyocardial damage is a well- 
known complication in patients with hypereosinophilic 
syndromes (HES). Although management and survival 
have improved significantly, some patients continue to 
develop severe cardiomyopathy as a direct consequence 
of uncontrolled hypereosinophilia. Cardiologists play a 
key role in early detection and treatment. At the early 
generally asymptomatic stage, related to subendocardial 
eosinophilic infiltrates, elevation of the biomarker of 
cardiac damage (serum troponin) and cardiac MRI are 
the best tools for diagnosis. As disease progresses, 
patients typically develop intracardiac mural thrombi 
and may experience variable degrees of heart failure 
due to valve damage and/or subendocardial fibrosis, all 
of which are more readily detectable with traditional 
echocardiographic investigation. New imaging modalities 
such as strain imaging and specific sequences in MRI 
offer the perspective of detecting subtle perturbations 
and distinguishing inflammatory versus fibrotic stages. 
Endomyocardial biopsy may help in difficult settings, 
namely, when blood eosinophilia is not prominent, 
but may be non- contributive due to sampling issues or 
eosinophil degranulation or replacement by fibrosis, and 
must always be performed after careful consideration 
of the risk:benefit ratio. Although treatment of the HES 
itself should be managed by clinicians with expertise in 
this rare disorder with the aim of lowering eosinophil 
counts to prevent and treat eosinophil- mediated organ 
damage and dysfunction, cardiologists play a key role 
in managing the associated cardiopathy. There are 
no consensual disease- specific guidelines for treating 
eosinophil- mediated thrombotic complications and 
cardiopathy, which should be managed according to 
classical international recommendations.

INTRODUCTION
Cardiologists have long been aware of and 
confronted with the deleterious effects of hypereo-
sinophilia (HE) on the heart. Substantial progress 
has been made in the detection of these alter-
ations at early stages and, in parallel, management 
of hypereosinophilic conditions has improved. 
Although this has resulted in decreased frequency 
and mortality of eosinophil- mediated cardiac 
complications, differential diagnosis of HE itself 
may still be delayed, and patients may have devel-
oped irreversible and/or life- threatening cardio-
myopathy by the time they receive appropriate 
treatment. This review is intended to provide cardi-
ologists with state- of- the- art knowledge for (1) 
determination of whether a patient with persistent 
HE has cardiac complications and (2) approaching 
diagnosis of an underlying hypereosinophilic 
disorder in a patient presenting with unexplained 
cardiomyopathy. Although a variety of clinical 

conditions associated with HE may potentially lead 
to eosinophil- mediated heart damage, we will focus 
on hypereosinophilic syndrome (HES).

EOSINOPHILS, HYPEREOSINOPHILIA, 
HYPEREOSINOPHILIC SYNDROME, AND THE 
HEART
Eosinophils are myeloid cells whose differentiation, 
proliferation and maturation are dependent on 
a specific set of transcription and growth factors, 
including interleukin-5.1 Once mature, eosinophils 
enter the circulation, then home to certain tissues, 
where they presumably contribute to homeostasis. 
In healthy subjects, eosinophils represent less than 
5% of circulating leucocytes (absolute counts below 
0.5 G/L). In certain conditions, blood and/or tissue 
eosinophil counts are increased, and the term HE 
is appropriate when blood eosinophilia rises above 
1.5 G/L and/or increased presence of eosinophils 
or their granule proteins is observed in tissue 
(table 1). Expansion of the eosinophilic lineage is 
observed in various situations through different 
mechanisms that may be neoplastic (primary), reac-
tive (secondary) or unknown (idiopathic).2 In the 
large majority of cases, HE is reactive and occurs 
in the setting of an underlying illness such as a drug 
reaction, helminthic infection or cancer (table 2). 
In some cases, such causes are not detected, and if 
there is evidence of associated eosinophil- mediated 
tissue/organ damage or dysfunction, this defines 
a disease spectrum called HES (table 1). Patients 
with HES are classified on the basis of mechanisms 
responsible for eosinophilic expansion (table 1).1 
Disease variants include neoplastic hypereosin-
ophilic syndrome (HESN), reactive hypereosino-
philic syndrome (HESR) and idiopathic HES. These 
entities require medical attention and treatment to 
control blood and tissue eosinophilia and reverse 
and/or prevent damage. Target organs typically 
include the skin, lungs, gastrointestinal tract, heart, 
vascular system, and both central and peripheral 
nervous systems. Occasionally, HE of unknown 
aetiology occurs in the complete absence of organ 
involvement; this condition is called HE of undeter-
mined significance and does not require treatment.

Epidemiology and impact of cardiac involvement 
in patients with HES
Since the earliest descriptions of patients with HES, 
the heart has clearly emerged as a privileged target 
organ for eosinophil- mediated damage. In the first 
large retrospective review published in 1975, 95% 
of patients had clinical evidence and/or autopsy find-
ings of cardiopathy.3 Improved management of HES 
has reduced the occurrence of cardiac involvement, 
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as reflected by a more recent multicentre retrospective study 
reporting a frequency of less than 5% at presentation and 20% 
during the course of disease.4 Significant variability exists among 
cohorts, however, with roughly one- third of patients with HESN 
developing endomyocardial fibrosis,5 while patients with HESR 
practically never develop cardiac damage.6

Biological or clinical disease characteristics that place patients 
with HES at risk for development of cardiac damage remain 
elusive. The previous notion that male sex is a risk factor7 can 
now be explained by the overwhelming male predominance 
among patients with HESN.8 The association between higher 
peak eosinophil counts and cardiopathy9 is debatable as heart 
damage may occur at all levels of HE nor is there a clear relation-
ship with the duration of HE.10

The development of eosinophil- mediated heart damage is a 
major determinant of prognosis in patients with HES that was 
often detected postmortem in early studies.3 Improved global 
outcomes since then have been largely due to earlier detection 
and management of cardiac complications, although they still 
accounted for one- third of deaths in the recent Mayo Clinic 
study of patients with HES.11

Characteristics, natural course and pathogenesis of cardiac 
damage in HES
Cardiac complications in HES typically develop in a stepwise 
manner, although overlap between successive phases may occur 
(figure 1).12 The earliest acute phase comprises eosinophilic infil-
tration of the subendocardium and is generally asymptomatic, 
although fulminant myocarditis may rarely occur with extensive 
necrosis and rapidly progressive HF. Cardiac tamponade may 
rarely develop in this setting. In the second stage, intracavitary 
(mostly ventricular) thrombi form, and patients are at risk of 
systemic embolisation. Over time, persistent eosinophilic inflam-
mation leads to development of subendocardial fibrosis, espe-
cially in the trabecular region and inflow tracts, defining the third 
stage. Fibrosis may be diffuse (often several millimetres thick) 
and may result in restrictive cardiomyopathy with congestive 
HF. Endocardial inflammation and fibrosis may involve valves 

and/or their supporting structures with rupture of the chordae 
tendinae or fibrosis of papillary muscle.7 The pericardium may 
also be affected, mainly in the acute phase, and is generally asso-
ciated with myocarditis (pancarditis) .

Histopathological studies of endomyocardial biopsies (EMBs) 
and autopsy material from patients with HES support a direct and 
major role for the eosinophil itself in the observed damage.12 13 
Intracavitary thrombotic material contains numerous intact and 
degranulating eosinophils, as do the endocardium and myocar-
dium, although they may be absent when fibrosis has devel-
oped and/or treatment has been initiated. When eosinophils 
are not detectable, demonstration of extracellular deposition of 
eosinophil- specific granule proteins indicates their recent pres-
ence.14 Mechanisms through which eosinophils impact endothe-
lial cells (ECs), cardiomyocytes and coagulation pathways have 
been reviewed15 and are summarised in table 3.

The presumed chain of events leading to end- stage heart 
disease in patients with HES begins with alterations of ECs lining 
the endocardium and capillaries within cardiac tissue. Endocar-
dial damage favours thrombus formation, and eosinophil- rich 
thrombi represent a persistent and concentrated source of profi-
brotic eosinophil- derived mediators in close proximity to the 
subendocardium and adjacent myocardium.

DETECTION OF EOSINOPHILIC CARDIAC INVOLVEMENT
Detection of cardiac disease at early potentially reversible stages 
is a cornerstone in further improving HES patient outcomes. 
Patients are often asymptomatic at the early stages, however, 
underscoring the importance of thorough and repeated cardiac 
evaluation in all cases. Clinically, the presence of splinter haem-
orrhages is thought to reflect a propensity for EC damage in 
patients with HE, and this sign should be taken very seriously. 
Advanced complications range from valvulopathy, thromboem-
bolic disease, congestive heart failure (HF), myocardial isch-
aemia, arrhythmia and pericarditis.7 16 Sudden cardiac death due 
to ventricular arrhythmia or to massive pulmonary embolism 
can be the first disease manifestation. Importantly, there is no 

Table 1 HE and HES: definitions and most common variants

Terms Definition Examples

Eosinophilia Absolute eosinophil count of 0.5–1.5 G/L Atopic dermatitis, asthma

HE Absolute blood eosinophil count of >1.5 G/L and/or
tissue eosinophilia considered excessive by pathologist and/or
presence in tissue of indirect evidence of eosinophil degranulation*

  HER, secondary Polyclonal eosinophil expansion secondary to increased presence of 
eosinophilopoietic factors (most often IL-5)

Parasitic infection, allergic drug reactions, paraneoplastic 
(lung cancer and T- cell lymphoma)

  HEN, primary Clonal eosinophil expansion due to occurrence of a somatic mutation in 
a haematopoietic/myeloid stem cell/precursor

Chronic myelomonocytic leukaemia
Chronic myelogenous leukaemia

  HEUS Cause of eosinophil expansion unknown and absence of detectable 
complications despite persistent HE and thorough investigations

HES 1. HE (as defined earlier).
2. Presence of eosinophil- mediated organ damage/dysfunction.
3. Absence of other explanations for observed damage.

  HESR Polyclonal eosinophil expansion secondary to increased presence of 
eosinophilopoietic factors (most often IL-5)

Lymphocytic variant HES

  HESN Clonal expansion of eosinophils: detection of a chromosomal 
rearrangement, and/or increased blasts in blood/bone marrow

FIP1L1- PDGFRA+ rearrangement

  Idiopathic Aetiology of eosinophil expansion unknown Chronic eosinophilic pneumonia, eosinophilic 
gastrointestinal disease, systemic (multiorgan) HES

*For example, deposition of granule proteins, Charcot Leyden Crystals, free granules.
HE, hypereosinophilia; HEN, neoplastic hypereosinophilia; HER, reactive hypereosinophilia; HES, hypereosinophilic syndrome; HESN, neoplastic hypereosinophilic syndrome; HESR, 
reactive hypereosinophilic syndrome; HEUS, hypereosinophilia of undetermined significance; IL, interleukin.
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clear relationship between the occurrence and severity of cardiac 
involvement and that of general or other organ- based symptoms.

Given the absence of specific evidence- based consensus for 
risk stratification of HES–cardiomyopathy, general recommen-
dations for myocarditis, valvular heart disease and HF should be 
followed,17–20 with special attention to the prevention of sudden 
cardiac death and thromboembolic events.21 To detect cardiac 
damage, a stepwise approach using multimodality imaging 
should be applied, driven by the patient’s complaints and cardio-
vascular events when present (figures 1 and 2). Imaging studies 
should be completed by blood biomarkers and functional assess-
ment, and in some instances, EMB is required for definitive 
proof of eosinophil- mediated heart disease.

Echocardiography
In daily practice, echocardiography remains the key exam to 
detect HES- related cardiac complications. Myocardial damage 
predominantly affects subendocardial tissue, and already in the 

early inflammatory/necrotic stage, increased subendocardial 
echogenicity should raise attention.22 A combination of left 
ventricular (LV) dysfunction and intracardiac thrombi can be 
seen prior to development of fibrosis (figure 1).12 23 The thrombi 
are usually located at the apex or the subvalvular regions of 
atrioventricular (AV) valves, while the outflow tracts are gener-
ally spared. Both ventricles may be affected, and LV mass may 
be increased, leading to high filling pressures and impaired 
diastolic function. In later stages, thrombi can organise as intra-
ventricular or valvular vegetations (defining Loeffler’s endocar-
ditis). Valvular damage is common and may be the consequence 
of fibrotic valvular thickening and/or impaired mobility of the 
subvalvular apparatus, leading most frequently to AV- valve 
regurgitation. In rare cases, aortic or mitral stenosis can occur 
as a consequence of valve thickening and fibrosis.24 Severity of 
endomyocardial fibrosis can be quantified using a scoring system 
(table 4).22

Conventional transthoracic echocardiography may be 
completed by contrast injection for improved visualisation 
of apical thrombi and for differential diagnosis of ventricular 
masses.25 Transoesophageal echocardiography allows a better 
definition of valvular involvement and atrial thrombus detec-
tion.25 When present, endomyocardial fibrosis generates a 
restrictive physiology, although progression to dilated cardiomy-
opathy (DCM) may be observed. Strain imaging can help in the 
differential diagnosis between HES and other causes of restric-
tive cardiomyopathy.26

Cardiac Magnetic Resonance Imaging
Cardiac magnetic resonance (CMR) combined with contrast- 
enhanced imaging is currently the most sensitive non- invasive 
tool, allowing detailed tissue characterisation at all stages of 
disease.

Diagnosis of myocarditis is based on Lake Louis criteria 
describing late- enhancement sequences (fibrosis), T2- weighted 
acquisitions (oedema) and T1- weighted sequences before and 
after contrast injection (early enhancement and hyperaemia).27 
Using these criteria, we found that CMR has an approximate 
sensitivity of 55%–60% for detection of inflammatory cardio-
myopathy as compared with biventricular biopsy used as a gold 
standard.28 In patients with HES, CMR is more sensitive than 
echocardiography to detect inflammation and thrombus: late 
gadolinium enhancement (LGE) is typically subendocardial but 
can affect the entire thickness of the myocardium.22 29

Recently, new cardiac CMR sequences like T1 mapping and 
extracellular volume (ECV) quantification have emerged as 
promising tools to better define myocardial fibrosis and oedema, 
allowing a spectral- based differential diagnosis.30 Overall and in 
the particular case of HES, the role of T1 mapping and ECV 
quantification has still to be defined, but those sequences appear 
promising to improve the detection and quantification of cardiac 
inflammation and fibrosis.

Based on its higher sensitivity as compared with echocardiog-
raphy, CMR is required to efficiently detect cardiac inflamma-
tion in patients with HES, even in the absence of cardiovascular 
symptoms and with normal echocardiography. Follow- up 
studies showed regression of subendocardial LGE on treatment, 
suggesting that repeated CMR could be justified in selected 
patients to assess disease activity and treatment response.31 32 
Nevertheless, clinicians should keep in mind that CMR does not 
detect all cases of eosinophilic cardiomyopathy, even when using 
modern acquisition methods.

Table 2 Diseases associated with hypereosinophilia*

Underlying disorders Examples

COMMON

Infectious Parasitic: 
multicellular 
helminths with 
phase of larval 
migration in tissue

Strongyloides stercoralis
Toxocara canis/catis
Trichinella spiralis
Ascaris lumbricoides

Ectoparasites Scabies (Sarcoptes scabiei)

  Fungal Allergic bronchopulmonary 
aspergillosis

  Viral HIV

Allergic Severe atopy† Severe eosinophilic asthma
Severe atopic dermatitis

  Drug reactions Classical drug- induced rash
Lung infiltrates
Drug reaction/rash with 
eosinophilia and systemic 
symptoms

Neoplastic Haematological TCL (angioimmunoblastic TCL, 
peripheral TCL)
Hodgkin lymphoma

  Solid cancer Adenocarcinoma (lung and 
digestive tract)
Cervical cancer

SELECTED OTHER CAUSES

Autoimmune disorders/
vasculitis/other immune 
dysregulatory disorders

Bullous pemphigoid
Eosinophilic granulomatosis 
with polyangiitis
Inflammatory bowel disease
IgG4- related disease
Autoimmune 
lymphoproliferative syndrome 
(FAS mutation)

Primary immunodeficiencies OMENN syndrome, HyperIgE 
(Job’s) syndrome (STAT3 LOF 
mutations), CARD9 mutations

Miscellaneous Cholesterol embolism
Radiation exposure

Hypereosinophilic syndromes (see table 1)   

*As defined in table 1.
†Eosinophilia is most often below 1.5 g/L in these disorders but may reach that 
threshold in severe cases.
LOF, loss of function; STAT, signal transducer and activator of transcription; TCL, 
T- cell lymphoma.
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Endomyocardial biopsy remains the gold standard
Endomyocardial biopsy (EMB), or pathological analysis of a 
surgical sample, remains the gold standard for diagnosis of 
eosinophilic cardiomyopathy, showing presence of eosinophils 
and/or their granule products in cardiac tissue. The threshold for 

performing cardiac biopsy should be lowered. Indeed, in a retro-
spective review of 288 HES cases, echocardiography and EMB 
coincided in only 60% of the cases, and positive EMBs were 
obtained in seven patients with a normal echocardiography.33 
Generally speaking, EMB is recommended when inflammatory 

Figure 1 Cardiac involvement in HES. Schematic representation of the main CMR and clinical findings in HES related to the stage, and 
corresponding diagnostic investigations. (A) CMR short- axis view showing marked increase in T2 signal involving anterior, lateral and inferior walls 
of the left ventricle, suggesting oedema (arrow). (B) CMR short- axis view of delayed enhancement imaging showing hyperenhancement involving 
the subendocardial region with associated non- enhancing thrombus along the subendocardial surface (arrow). (C) CMR short- axis view showing LV 
inferior wall and papillary muscle fibrosis as detected by intramural late gadolinium enhancement (arrows). (A,B) Reproduced from Mankad et al 
(with permission).37 CMR, cardiac magnetic resonance; CPET, cardiopulmonary exercise testing; EMB, endomyocardial biopsy; HES, hypereosinophilic 
syndrome; LV, left ventricul; NT- proBNP, N- terminal pro- brain natriuretic peptide; RV, right ventricul; TEE, transoesophageal echocardiography; TTE, 
transthoracic echocardiography.

Table 3 Pathogenic mechanisms involved in eosinophil- mediated heart damage and coagulation

Mediator–mechanism Model–experimental setting Observations–mechanisms

CYTOTOXICITY

Not investigated Cat papillary muscle in vitro incubated with eosinophils or eosinophil 
supernatants from patients with HES and healthy controls

Eosinophils and supernatants from patients with HES only induced marked 
ultrastructural alterations, with appearance of holes in EC membranes, cellular 
retraction and exposure of the underlying basal membrane

MBP Porcine aortic EC grown to confluence in vitro and incubated with MBP Destruction of EC at MBP concentrations similar to those observed in serum 
from hypereosinophilic patients

EPX Several types of EC and isolated working rat hearts incubated in vitro with 
activated eosinophils and purified human EPX

Oxidation of bromide to hypobromous acid in the presence of H2O2, leading to 
bromide- dependent destruction of EC

COAGULATION     

TF Human BM preparations and blood: immunoelectron microscopy, RT- PCR, flow 
cytometry

1. Expressed by activated eosinophils.
2. Eosinophil- induced damage to ECs (see previous items) exposes underlying 

TF.
TF triggers extrinsic coagulation pathway

CD40L–CD40 interactions In vitro- activated eosinophils from healthy humans and EOL-3 cell line, ex vivo 
eosinophils from patient with HES: flow cytometry, RT- PCR, northern blot

CD40L upregulated on activated eosinophils
Interacts with EC- expressed CD40

MBP
 

Supernatants of in vitro- activated eosinophils from hypereosinophilic patients
1. Bind to (anionic) thrombomodulin and interfere with its natural 

anticoagulant activity.
2. Direct activation of platelets.

MBP, EPX Cationic proteins purified from blood eosinophils of patients with HES 
incubated in vitro with purified platelets

EPX Human umbilical vein EC cultures exposed in vitro to oxidants known to be 
produced by different phagocytes

Oxidation of thiocyanate to hypothiocyanous acid (HOSCN) in presence of H2O2, 
leading to TF expression by ECs

These mechanisms are detailed in Roufosse.15

BM, bone marrow; EC, endothelial cell; ECP, eosinophil cationic protein; EPX, eosinophil peroxydase; MPB, major basic protein; RT- PCR, reverse transcription PCR; TF, tissue factor.
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cardiac disease is suspected.17 18 Of note, in the acute phase, 
eosinophils may (rarely) be present in cardiac tissue in the 
absence of circulating HE, possibly related to intense eosinophil 

activation and chemotaxis.34 In order to improve sensitivity and 
to allow a better characterisation of cellular infiltrates, immu-
nohistochemistry and immunofluorescence directed against 
eosinophil- specific proteins should be used when possible.17 
Reverse transcription PCR and molecular signatures through 
RNA sequencing could complete this approach. Detection of 
myocardial fibrosis is also a key element, although apart from 
its subendocardial localisation, this finding is not specific for 
HES–cardiomyopathy.

In clinical practice, the decision to perform EMB should 
always be patient- centred after careful assessment of the 
risk:benefit ratio.35 36 The 2013 European Society of Cardiology 
(ESC) consensus documents recommend its use to confirm the 
diagnosis of myocarditis, with a high level of recommendation 
in case of life- threatening disease.17 36 In the same line, the 2007 
AHA scientific statement provided a level IIa- C recommenda-
tion for EMB in case of unexplained DCM associated with a 
suspected allergic reaction and/or eosinophilia, in order to rule 
out a potentially treatable underlying disease like HES.18

ECG and rhythmic monitoring
Although ECG is classically a first- line exam in cardiological 
work- up, anomalies are present in less than one- third of patients 
with HES.37 Ventricular extrasystoly is frequent, and in some 
cases, Loeffler endocarditis can present with polymorphic ventric-
ular tachycardia.38 A careful rythmological evaluation should be 
performed in patients with HES in the presence of palpitations, 
ventricular ectopic beats or unexplained syncope, as well as 
those with severe LV dysfunction or restrictive cardiomyopathy. 

Figure 2 Approach to investigation of cardiac involvement in a patient presenting with persistent HE. This figure shows a proposed algorithm 
for the initial cardiac evaluation of a patient presenting with persistent HE, whether symptoms are present or not, and regardless of evidence for 
involvement of other organ systems, reflecting the authors’ personal approach. It should be noted that the decision to perform an EMB is always 
made on a case- by- case basis, integrating the likelihood it will be contributive on one hand, and the risk incurred by the patient in the setting of 
existing comorbidities on the other. When installed restrictive cardiomyopathy is present, pathology may be non- specific, showing fibrosis in absence 
of eosinophilic infiltrates. BNP, brain natriuretic peptide; CMR, cardiac magnetic resonance; EMB, endomyocardial biopsy; HE, hypereosinophilia; HF, 
heart failure; LGE, late gadolinium enhancement; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiography.

Table 4 Echocardiographic criteria for endomyocardial fibrosis

Score

Major criteria

  Endomyocardial plaques >2 mm in thickness 2

  Thin (<1 mm) endomyocardial patches affecting more than one ventricular 
wall

3

  Obliteration of the RV or LV apex 4

  Thrombi or spontaneous contrast without severe ventricular dysfunction 4

  Retraction of the RV apex 4

  Atrioventricular valve dysfunction due to adhesion of the valvular 
apparatus to the ventricular wall (according to severity of the mitral 
regurgitation)

1–4

Minor criteria

  Thin endomyocardial patches localised to one ventricular wall 1

  Restrictive flow pattern across mitral or tricuspid valve 2

  Pulmonary valve diastolic opening 2

  Diffuse thickening of the anterior mitral leaflet 1

  Enlarged atrium with normal- sized ventricle 2

  M- movement of septum related to obliteration or restriction of the LV 
apex (in combination with mitral regurgitation)

1

  Hyperechogenicity of the moderator band or other bands 1

The diagnosis of endomyocardial fibrosis is established in the presence of two major criteria 
or one major criteria with two minor criteria. Disease severity can be assessed: less than 8 
defining mild disease, 8–15 moderate disease and >15 severe disease (reproduced from 
Kleinfeldt et al, with permission).22

LV, left ventricular; RV, right ventricular.
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Holter ECG is useful to detect cardiac arrhythmia, although its 
sensitivity is limited.39 In selected patients, electrophysiological 
evaluation and loop recorder implantation may be performed 
for more accurate rhythmic risk stratification.

Serum biomarkers
Blood eosinophilia is an obvious parameter that must raise suspi-
cion of underlying eosinophil- mediated damage in a patient with 
cardiac manifestations. Serum troponin is a useful marker for 
detection and follow- up of cardiac disease activity in the acute 
phase of HES. Elevated levels may reflect myocardial damage, 
vascular damage and/or HF. When eosinophilic cardiomyopathy 
develops in the absence of blood HE, troponin measurement 
could replace serial blood eosinophil counts to monitor treat-
ment response.40 Furthermore, this biomarker is used to identify 
patients with FIP1L1- PDGFRA+ HESN at risk of development of 
acute HF during the first few days of treatment with the tyrosine 
kinase inhibitor imatinib mesylate.41

Classical markers of HF, particularly N- terminal pro- brain 
natriuretic peptide, must be assessed in patients presenting with 
HES–cardiomyopathy for diagnosis and follow- up.20 Other new 
markers such as ST2 appear promising for risk stratification in 
patients with HF,42 but their role in HES management has yet to 
be defined. Measurement of eosinophil- specific mediators like 
eosinophil cationic protein and major basic protein in serum to 
evaluate the degree of eosinophil activation in vivo43 is techni-
cally challenging and has not been validated in this setting.

Cardiac CT and nuclear imaging
Cardiac CT imaging is useful for detection of coronary aneu-
rysms which may be associated with HE,44 as well as thrombotic 
complications, offering an alternative to CMR for patients in 
whom this procedure is contraindicated.

Combined with CMR, nuclear imaging using fluorodeoxy- 
glucose, fibrosis- specific or eosinophil protein specific tracers 
could represent new avenues for future characterisation of HES- 
mediated cardiomyopathy.

CLINICAL MANAGEMENT OF HEART INVOLVEMENT IN 
PATIENTS WITH HES
Given the wide spectrum of clinical presentations of eosino-
philic cardiomyopathy, patient management should be tailored 
to his/her condition. The general rule is that circulating eosino-
phil counts should be lowered, ideally below 0.6 G/L, with the 
appropriate therapeutic agents,45 to block disease progression 
and to prevent development of myocardial fibrosis. Corticoste-
roids represent the cornerstone of treatment in the majority of 
cases, with the exception of patients with FIP1L1- PDGFRA+ 
HESN who respond remarkably well to imatinib mesylate. The 
other treatment options, typically combined with corticosteroids 
in patients who need high dosing regimens for disease control 
(as CS- sparing agents) or administered sequentially in CS- resis-
tant subjects, include hydoxyurea, interferon- alpha, cyclospo-
rine, methotrexate, alemtuzumab and just recently approved 
mepolizumab.46 Rare patients with treatment- refractory disease 
may even require allogeneic stem cell transplantation. Detailed 
treatment of HES according to clinical presentation and vari-
ants has been reviewed elsewhere.45 Patients should be referred 
to a specialist with expertise in HES for general management. 
However, in the presence of cardiac involvement, it is critical 
that cardiologists contribute actively to the more specific aspects 
related to management of these complications.

Heart failure management
Patients with HES that develop congestive HF should be managed 
according to general recommendations on HF.20 In the acute 
phase, high- dose CS therapy improves outcome and should be 
initiated rapidly. Cardiogenic shock requires inotropic support, 
and mechanical circulatory support is an option in refractory 
cases: authors have reported successful use of biventricular assist 
device in this situation.47 One case of cardiac transplantation in 
fulminant acute myocarditis has also been reported.48

Thromboembolic complications
Anticoagulation is indicated in patients with confirmed intra-
cavitary thrombus and/or recurrent thromboembolic events, 
as well as after cardiac valve surgery. Vitamin K antagonists 
(VKAs) remain the standard of care in intraventricular thrombus 
management. Although use of direct oral anticoagulants has been 
suggested as an alternative, they should be used with caution as 
no data are available for HES–cardiomyopathy.49 Associating 
VKA with antiplatelet therapy has also been suggested by some 
authors,50 51 but the utility of this association is unknown. It is 
generally accepted that the duration of anticoagulation should 
be tailored to HES and endomyocardial disease activity, although 
there are no clear data supporting this.

Valvular heart disease
Valvular disease is frequent in HES–cardiomyopathy, most 
commonly consisting in AV valve regurgitation. In the absence 
of specific data, indications for valvular surgery should follow 
general guidelines.19 52 The most commonly reported proce-
dure is mitral valve replacement. Pathological assessment of 
resected valvular tissue is of prime importance, as the diagnosis 
of eosinophil- mediated cardiomyopathy can be confirmed on 
the surgical specimen. In patients with HES, the choice between 
mechanical and biological valves can be challenging: while 
mechanical valves are associated with a high risk of recurrent 
thrombosis, biological valves are likely to have shorter longevity 
in this inflammatory condition.51 Cases of bioprosthesis throm-
bosis have been reported in HES, justifying lifelong anticoag-
ulation with VKA after surgery, even after biological valve 
replacement.

When technically feasible, valvular repair is the preferred 
option and should be performed in expert centres, as this 
procedure is associated with fewer thrombotic events than 
valve replacement. Importantly, efforts should be made to 
ensure optimal medical treatment to control underlying disease 
following valvular surgery, as persistent HE is associated with 
poor outcome and rapid valve degeneration.

Rythmic disorders and sudden cardiac death
Inflammation, fibrosis, ischaemia and valvular disease are the 
substrates for rhythmic disorders in HES–cardiomyopathy, 
ranging from benign supraventricular arrhythmias to sudden 
cardiac death in the setting of ventricular arrhythmias. An 
implantable cardiac defibrillator should be placed as primary or 
secondary prevention according to current guidelines, adapting 
the threshold to global disease control, ejection fraction and 
fibrosis extension.21

Advanced care and heart transplantation
In the presence of advanced restrictive cardiomyopathy, surgical 
resection of fibrotic endocardium (endomyocardectomy) has 
been shown to improve 5- year survival compared with medical 
treatment alone, and combined with resection of organised 
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thrombotic masses, this approach can improve diastolic func-
tion and symptoms.53–55 In case of end- stage HF and/or recur-
rent valve thrombosis despite optimal management, orthotopic 
heart transplantation is an option that has produced favourable 
outcomes in case reports.48

 

In conclusion, although detection and treatment of HES- 
associated cardiopathy have improved considerably, many unmet 
needs remain. These include the identification of biomarkers 
and/or clinical characteristics associated with an increased risk 
for this complication, the significance of elevated troponin 
and/or abnormal imaging studies in asymptomatic patients, the 
extent to which eosinophil counts must be depleted by treatment 
to prevent further progression, and the most appropriate inves-
tigations to assess cardiac disease activity over time. Prospective 
studies on large multicentre cohorts to address these questions 
are required, as well as multidisciplinary management, actively 
engaging cardiologists in early diagnosis and follow- up, to 
further improve patient outcome.
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