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A B S T R A C T   

Hypereosinophilic syndrome (HES) is defined by persistently elevated blood eosinophil levels and is associated 
with evidence of organ damage. Cardiovascular involvement in HES is most commonly associated with Loffler 
endocarditis (cardiac HES). Cardiac HES is typically characterized by progressive subendocardial fibrosis with 
overlying mural thrombus formation, leading to restrictive dysfunction of the left ventricle. The thrombus from 
cardiac HES could result in cardiogenic stroke; however, most of the stroke cases with HES were not associated 
with huge thromboembolism rather multiple infarcts in the watershed area. The major clinical features of 97 
previously reported cases of stroke with HES are as follows: the median age was 52 years, of which 61 (63%) 
were men; the initial presenting symptoms were neurological (73%), followed by headache (16%), respiratory 
symptoms (9%), and visual symptoms (9%). Almost half of the cases were diagnosed with cardiac HES. The 
characteristics of cardiac findings were mural thrombi, endomyocardial fibrosis, and a restrictive pattern of heart 
failure. Cerebral findings revealed 78 cases (80%) were described as multiple infarctions and 55 cases (57 %) 
were involved with watershed areas, whereas 11 cases (11％) were described as embolic stroke for one proximal 
large-vessel occlusion. Regarding treatment, 71 (73%), 28 (29%), and 16 (16%) patients were treated with 
steroids, anticoagulants, and antiplatelets, respectively. The overall mortality and recovery rates were 11% and 
89%, respectively. Physicians should know most cases of stroke with HES are characterized by multiple in-
farctions in the watershed area, and cardiac HES is not always associated with stroke.   

1. Introduction 

Hypereosinophilic syndrome (HES) is a rare blood disorder in which 
eosinophils invade blood vessels, causing multi-organ failure. HES is 
defined by persistently elevated blood eosinophil levels (>1500/μL) and 
is associated with evidence of organ damage [1]. 

HES can present with neurological manifestations, including stroke, 
encephalopathy, and sensory polyneuropathy. The cause of cerebral 
infarction is thought to be thromboembolism or cerebrovascular endo-
thelial toxicity of eosinophils. A thromboembolism may affect the 
vascular border zone, which is usually related to infarction due to pro-
longed systemic hypotension or proximal carotid arterial obstruction 
[2]. Cerebral infarction has also been associated with thromboembolic 
events originating from an intraventricular thrombus; however, the 
pathogenesis of eosinophilia-associated stroke, as one of the most severe 
complications of HES, remains poorly understood. 

Cardiovascular involvement in HES is most commonly associated 
with Loffler endocarditis (cardiac HES), which was first reported by 
Loffler in 1936 [3]. Cardiac HES is characterized by progressive 

subendocardial fibrosis with overlying mural thrombus formation, 
leading to restrictive dysfunction of the left ventricle [4]. This fibrosis or 
thrombus from cardiac HES could result in cardiogenic stroke; however, 
most of the cases of stroke with HES were not associated with huge 
thromboembolism rather multiple infarcts in the watershed area. The 
proposed pathophysiological mechanisms include microembolism? 
from endomyocardial fibrosis or local thromboses due to eosinophil- 
induced endothelial dysfunction of the cerebral vessels [5]. However, 
the relationship between stroke and cardiac HES remains unknown. 

We searched PubMed to identify case reports of stroke with HES and 
found 97 cases that have been reported from January 2000 to October 
2021 [2,4,6–80]. Herein, previously reported cases of stroke with HES 
were reviewed and summarized. 

2. Methods 

This literature review has been reported in concordance with 
guidelines provided by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis statement (PRISMA) [81]. Approval from 
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the institutional review board was not required since the data was 
publicly available. 

2.1. Literature search strategy and data sources 

We systematically reviewed the literature for reports of character-
istics and clinical outcomes of patients with stroke with HES. We 
searched PubMed for all articles published from January 2000 to 
October 2021 using the following keywords or MeSH terms: ((“eosino-
phil s”[All Fields] OR “eosinophile”[All Fields] OR “eosinophiles”[All 
Fields] OR “eosinophilic”[All Fields] OR “eosinophillic”[All Fields] OR 
“eosinophills”[All Fields] OR “eosinophils”[MeSH Terms] OR “eosino-
phils”[All Fields] OR “eosinophil”[All Fields]) AND (“stroke”[MeSH 
Terms] OR “stroke”[All Fields] OR “strokes”[All Fields] OR “stroke 
s”[All Fields])) OR ((“stroke”[MeSH Terms] OR “stroke”[All Fields] OR 
“strokes”[All Fields] OR “stroke s”[All Fields] OR (“watershed”[All 
Fields] OR “watershed s”[All Fields] OR “watersheds”[All Fields]) OR 
(“central nervous system”[MeSH Terms] OR (“central”[All Fields] AND 

“nervous”[All Fields] AND “system”[All Fields]) OR “central nervous 
system”[All Fields]) OR (“neurologic manifestations”[MeSH Terms] OR 
(“neurologic”[All Fields] AND “manifestations”[All Fields]) OR 
“neurologic manifestations”[All Fields] OR “neurologic”[All Fields] OR 
“neurological”[All Fields] OR “neurologically”[All Fields])) AND 
(“hypereosinophilic syndrome”[MeSH Terms] OR (“hypereosinophili-
c”[All Fields] AND “syndrome”[All Fields]) OR “hypereosinophilic 
syndrome”[All Fields])). 

2.2. Case selection 

All articles retrieved from the systematic search were exported to 
EndNote Reference Manager (Version X9; Clarivate Analytics, Phila-
delphia, Pennsylvania). The articles were then assessed at title and ab-
stract level, after which full text were read to confirm relevance. The 
following pre-defined inclusion criteria was used: (1) human case re-
ports written in English, (2) cases with elevated blood eosinophil levels 
(>1500/μL) and stroke, and (3) reports with available clinical, 

Fig. 1. PRISMA flowchart outlining literature search.  
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biological and radiological data and outcomes. 

3. Results 

3.1. Literature search 

The initial literature search yielded 380 potentially relevant articles. 
After applying the predetermined eligibility criteria, 78 reports (97 
cases) were selected for inclusion in this literature review. The PRISMA 
flowchart summarizes the results of our literature search (Fig. 1). 

3.2. Literature review 

The major clinical features including cardiac and cerebral findings of 
the 97 previously reported cases of stroke with HES are summarized in 
Table 1[2,4,6–80]. 

The median age of the population was 52 years (interquartile range, 
37–63 years of age), of which 61 (63%) were male and 35 were female. 
Eight (8%) of the identified cases were patients younger than 20 years of 
age. The initial presenting symptoms of stroke with HES were neuro-
logical symptoms including weakness, dysarthria, and confusion (n =
71, 73%), followed by headache (n = 16, 16%), respiratory symptoms 
(n = 9, 9%), visual symptoms such as diplopia (n = 9, 9%), fever (n = 7, 
7%), chest or back pain (n = 4, 4%), and skin symptoms (n = 4, 4%). 
Throughout the process, concurrent neurological and respiratory events 
were noted in only two cases (2%). The median total eosinophil counts 
was 8.1 × 103/μL (interquartile range, 4.1–13.8 × 103/μL). 

In this category, idiopathic HES was the most common (n = 62, 
64%), followed by secondary HES (n = 26, 27%) and primary HES (n =
8, 8%). One case was unclassified because the patient was considered to 
have eosinophilic granulomatosis with polyangiitis (EGPA) or idiopathic 
HES. In the cases of secondary HES, EGPA was the most popular cause 
(11 cases). Lymphocytic variant HES was reported in four cases, 
although it is a rare entity. In addition, three cases parasitic infection 
were reported, while there were two cases of systemic lupus 
erythematosus. 

Cardiac investigations were performed in 82 cases (85%); however, 
atrial fibrillation was detected in only 2 cases. Major cardiac in-
vestigations included transthoracic echocardiography (n = 76, 78%), 
electrocardiogram (n = 33, 34%), magnetic resonance imaging (n = 19, 
20%), transesophageal echocardiography (n = 16, 16%), and Holter 
electrocardiogram (n = 10, 10％). As for cardiac findings, 36 cases 
(45％) were diagnosed with cardiac HES, while 44 cases (55％) were 
not. Thus, cardiac HES was not always associated with stroke, which 
suggested that the stroke was caused by not only cardiac embolism but 
also other mechanisms including hyperviscosity and hypercoagulability 
of eosinophilia. Therefore, screening for cardiac HES is essential in pa-
tients with stroke with HES, but stroke may still occur even if no cardiac 
findings are found. The characteristics of cardiac findings in patients 
with HES and stroke were mural thrombi, endomyocardial fibrosis, and 
a restrictive pattern of heart failure. 

Cerebral findings revealed that 78 cases (80%) were described as 
multiple infarctions and 55 cases (57%) were involved with watershed 
areas, whereas 11 cases (11％) were described as embolic stroke for one 
proximal large-vessel occlusion. Based on these results, stroke with HES 
is characterized by multiple watershed infarctions. For the treatments, 
71 patients (73%) used steroids and 11 patients (11%) used imatinib. A 
total of 28 patients (29%) were treated with anticoagulant agents, while 
16 patients (16%) received antiplatelet therapy. Some patients only used 
steroids without anti(?)coagulation therapy, but obtained favorable 
outcomes. This suggests that control of eosinophilia is also essential for 
the secondary prevention of stroke. Surgical treatment was performed in 
two patients; one was surgical removal of EMF for heart failure and the 
other one was surgical decompression for brain herniation. Relapse of 
stroke occurred in six cases. Of note, elevation of eosinophilia (range, 
2256–32,000/μL) was observed at relapse in all these cases. Three cases 

with the relapse of stroke were initially using only antiplatelet therapy; 
however, elevation of eosinophilia remained, and stroke occurred again. 
The overall mortality rate was 11%, and the recovery rate was 89% 
(alive: 72 patients, dead: nine patients, while outcome for 16 patients 
were not described). The detailed causes of death were brain infarction 
including brain herniation (n = 3), cardiac failure (n = 3), acute 
lymphoblastic leukemia (n = 1), renal cell carcinoma (n = 1), and an 
unknown cause (n = 1). 

4. Discussion 

HES is classified into three groups: (A) idiopathic HES, in which no 
underlying disease or syndrome is apparent; (B) primary (clonal/ 
neoplastic), which includes acute leukemia, chronic myeloid disorders, 
and myeloproliferative syndromes; (C) secondary (reactive), which is 
caused by infections, allergic disorders, medications, autoimmune dis-
orders, endocrinopathies, and metastatic malignancies [82]. FIP1-like- 
1-platelet-derived growth factor receptor-alpha (FIP1L1-PDGFRA) re-
sults in a constitutively active tyrosine kinase which induces uncon-
trolled cell proliferation and primary HES, and FIP1L1-PDGFRA positive 
myeloid neoplasm with eosinophilia is reported to be accounting for up 
to 10% of all patients with HES [83]. In fact, five cases of FIP1L1- 
PDGFRA positive HES with stroke (5%) were reported in our review. 
Previous review reported 9.3% of FIP1L1-PDGFRA positive HES had at 
least one ischemic stroke [83]. Among secondary (reactive HES), lym-
phocytic variant HES is defined by the presence of a Th2 T-cell subset 
overproducing interleukin-5 (IL-5). These clones are described to over-
produce eosinophil-promoting cytokines such as IL-5, causing a reactive 
eosinophilia [42]. In the cases of secondary HES, EGPA was the most 
popular cause in our review. Previous review in a large series of central 
nervous system involvement in EGPA reported 52％ of patients had 
cerebral infarction on radiological assessment [84]. Complete evalua-
tion of systemic involvement of idiopathic HES is mandatory, and early 
intervention may prevent the deterioration of this disease [74]. Eosin-
ophils can accumulate in multiple organs, including the heart, skin, 
nervous system, and lungs, causing end-organ damage in patients with 
HES [46]. In the classical view of eosinophil-induced organ damage in 
HES, tissue infiltrates are often accompanied by tissue fibrosis, throm-
bosis, and/or the extracellular deposition of eosinophil-derived proteins 
[85]. The involvement of the heart can lead to an intraventricular 
thrombus because of the infiltration of eosinophils into the endomyo-
cardium. Thrombi formation may also occur on damaged endocardium 
and valve leaflets. Cardiac lesions such as eosinophilic myocarditis or 
Loffler’s fibroblastic endocarditis are thought to occur due to the toxicity 
of the eosinophilic basic protein released by eosinophilic granulocytes, 
causing local destruction of the endocardium with subjacent fibrosis of 
the myocardium, leading to the formation of intracardiac thrombi [46]. 
These proteins play an important role in platelet activation and 
thrombus formation by inhibiting thrombomodulin. Activated eosino-
phils and eosinophil granule proteins were detected within the necrotic 
and thrombotic lesions and were found mainly in acute tissue damage in 
the endocardium and in the walls of small blood vessels. These findings 
indicate a potential role of eosinophils in vascular injury and inflam-
mation [86]. Other clinical features of eosinophil-driven cardiovascular 
toxicity include endomyocardial fibrosis, eosinophil vasculitis and 
venous thromboembolism [85,87,88]. Eosinophil-mediated endomyo-
cardial damage leads subendocardial eosinophilic infiltrates at the early, 
and generally asymptomatic stage. As disease progresses, patients 
typically develop intracardiac mural thrombi and may experience var-
iable degrees of heart failure due to valve damage and/or endocardial 
fibrosis [87]. As for vasculitis, EGPA had been considered as the diag-
nosis in the context of eosinophilia. Although EGPA is classified as an 
antineutrophil-cytoplasmic-antibody (ANCA)-associated vasculitis, only 
30% of affected patients have ANCAs; thus, differentiating between HES 
and ANCA-negative EGPA is difficult. Recent studies revealed several 
ANCA- negative, asthma-free patients with HES are classified as 
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eosinophilic vasculitis [85,89]. Tissue fibrosis, thrombosis, and/or the 
extracellular deposition of eosinophil-derived proteins, and predomi-
nant eosinophilic infiltration of the vessel wall are observed in damaged 
vessels of patients with eosinophilic vasculitis. The clinical differences 
between eosinophilic vasculitis and other types of vasculitis are eosin-
ophilia as well as inflammatory markers such as erythrocyte sedimen-
tation rate (ESR) and C-reactive protein (CRP). Eosinophilic vasculitis is 
associated with high blood and/or tissue eosinophilia, but without 
elevation of ESR and CRP. Conversely, other types of vasculitis may 
present with a high ESR, a high CRP level, and a normal eosinophilic 
level [85]. Venous thrombosis is also considered to be an HES-defining 
feature. Although cases of venous thrombosis occurring due to 
eosinophil-related diseases have rarely been reported, recent study 
revealed persistent eosinophilia was associated with relapses of venous 
thrombosis [89]. These findings were consistent with the results in our 
review because relapse of stroke was associated with persistent eosin-
ophilia in patients with stroke with HES. 

The possible mechanisms of cerebral infarction include hyper-
eosinophilic cardiac thromboembolism from endomyocardial fibrosis, 
local thromboses due to eosinophil-induced endothelial dysfunction of 
cerebral vessels, and hypereosinophilic coagulopathy [5,9,21,25,28]. 
Cerebral infarcts associated with HES have characteristics other than 
stroke of other etiologies. HES-associated cerebral infarctions are typi-
cally multiple and afflict different vascular territories, especially in 
watershed areas (border zone areas) [37]. This distribution is relatively 
rare among unselected stroke patients. Classically, watershed infarcts 
are related to hemodynamic strokes, while cardioembolic strokes are 
usually territorial. Therefore, watershed infarcts have been well 
described with episodes of severe, prolonged hypotension, such as those 
associated with cardiopulmonary arrest; however, they are well seen in 
patients with HES [17]. In previous studies, consecutive patients with 
cardioembolic stroke were examined, but border zone strokes were 
rarely reported [37]. Although cardioembolic stroke often present as 
multiple bilateral lesions, watershed distribution is not frequently 
associated with this condition, accounting for less than 10% of cases in a 
large series of strokes with such distribution [83,90]. Watershed areas 
refer to hypoperfused vascular territories; thus, low perfusion pressure 
and related changes in the dynamics of blood flow in the cerebral ar-
teries affect the clearance and destination of embolic particles. Water-
shed infarcts can be explained by the low capacity of the hypoperfused 
vessel to eliminate emboli. In addition, blood hyperviscosity can dete-
riorate the microcirculation and lower the clearance of the microemboli, 
and eosinophilia can result in elevated blood viscosity. Moreover, 
eosinophil-derived substances can lead to hypercoagulability through 
other mechanisms. These reasons can explain why HES-associated ce-
rebral infarctions are typically multiple, especially in watershed areas. 
Other potential mechanisms of eosinophil-driven endothelial toxicity 
are eosinophil extracellular traps and phospholipid oxidation. Eosino-
phil granules contain the cationic proteins major basic protein, eosino-
phil peroxidase, eosinophil cationic protein, and eosinophil neurotoxin, 
which induce tissue damage and inflammation. Eosinophils are acti-
vated in the setting of atherosclerosis, and they help developing plaque 
formation. Once arterial thrombosis is triggered, eosinophils are rapidly 
recruited to the lesion site and intensively interact with platelets causing 
propagation and stabilization of developing thrombi. Platelets stimulate 
eosinophils to form eosinophil extracellular traps which in turn induce 
platelet activation by the major basic protein [91]. Phospholipid 
oxidation is thought to be another pathway of eosinophil-driven endo-
thelial. Eosinophils combine the abilities of platelets to oxidize and 
expose distinct prothrombotic aminophospholipids with the capacity of 
leukocytes to provide tissue factors. Moreover, eosinophils exerted a 
strong endogenous thrombin-generation capacity that relied on the 
simultaneous expression of TF and the provision of a procoagulant 
phospholipid surface that was enriched in 12/15-lipoxygenase–derived 
oxidized phospholipids. Therefore, oxidation of phospholipids had been 
suggested to increase their procoagulant potential [92,93]. Ta
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There is still no definitive therapy for idiopathic HES. Corticosteroids 
were initially the mainstay of HES treatment and are currently recom-
mended as first-line therapy. Symptomatic patients should be treated 
with steroid therapy, prednisolone at a dose of 1 mg/kg/day until 
clinical improvement occurs, after which the dose should be tapered 
gradually. Symptomatic patients that are nonresponsive to steroids, as 
defined by the inability to decrease counts of eosinophils, should be 
offered interferon alpha, pegylated interferon (peg-IFN) alpha, metho-
trexate, ciclosporin, hydroxycarbamide, imatinib and mepolizumab 
[94]. Interferon-alpha is recommended for use in HES patients with 
organ damage and corticosteroid/cytotoxic treatment failure [4]. 
Interferon alpha activates CD8 T and NK cells leading to suppression of 
Th2 activity and a decrease in IL-4 and IL-5. In the case of primary 
(clonal/neoplastic) HES such as FIP1L1/PDGFRA-associated HES, ima-
tinib mesylate can be effective for treatment [51,53,83]. Imatinib 
mesylate is a specific tyrosine kinase inhibitor with potent inhibiting 
activity against the Abl and Bcr–Abl protein kinase activity as well as c- 
kit and PDGFR. Platelet-derived growth factor can lead to activation of 
eosinophils. Patients with chronic myelomonocytic leukemia that have 
PDGFR have been reported to respond well to imatinib mesylate [95]. 
Mepolizumab is an anti-IL-5 recombinant humanised monoclonal anti-
body. Mepolizumab stops the interaction between IL-5 and its receptor 
on eosinophils and their progenitors. Therefore, mepolizumab can sta-
bilize the eosinophil count, and the steroid dose could be decreased in 
patients with HES [96]. 

HES patients with parasitic infections should undergo antiparasitic 
therapy. Routine anticoagulation is not recommended unless there is an 
intracardiac thrombus [97]. It is important to recognize that recurrences 
of emboli in adequately anticoagulated HES patients are often seen even 
though anticoagulants or antiplatelets are usually instituted [38]. 

Cardiac HES is managed by established guidelines for cases of heart 
failure. Anticoagulation is used if there is an intracardiac thrombus or 
valve replacement. Most of the literature shows that warfarin is the 
predominant anticoagulation regimen, and direct acting anticoagulants 
have not been used significantly in these patients [97]. 

In summary, our review of reported cases of stroke with HES sug-
gested that the characteristics of most cases are multiple infarctions in 
the watershed area, and cardiac HES is not always associated with 
stroke. Steroid therapy should be administered to treat stroke in idio-
pathic HES patients as a first-line therapy for the treatment of stroke as 
well as control of eosinophilia. 
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