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Abstract
Background: Cardiac involvement in EGPA indicates poor prognosis and high mortality, while few data about
cardiac involvement of EGPA in Chinese population are available. We conducted this study to �gure out the
clinical characteristics and overall outcome of EGPA patients with cardiac involvement in Chinese population.

Methods: We retrospectively collected the clinical data of 83 patients diagnosed with EGPA and analyzed the
differences between patients with and without cardiac involvement.

Results: The prevalence of cardiac involvement of EGPA in this cohort was 27.7%. Compared with those who
without cardiac involvement, EGPA patients with cardiac involvement tended to have younger onset age (mean
± SD, 38.4 ± 10.5 vs. 42.1 ± 15.9 years, p=0.039), higher eosinophil count [median (IQR), 5810 (4020-11090) vs.
2880 (1530-6570) n/μL , p=0.004)], higher disease activity [median (IQR), 20 (16-28) vs. 15 (12-18), p=0.001)]
and poorer prognosis (FFS≥1, 100% vs. 38.3%, p=0.001). The most common cardiac manifestation was chest
pain (56.5%), and 43.5% of patients were asymptomatic but cardiac abnormalities could be detected by
cardiac examinations. With appropriate treatment, the overall outcome of EGPA patients with cardiac
involvement in our cohort turned out to be good, with 3 ( 13% ) patients died at acute phase and no patient died
during follow-up.

Conclusions: Cardiac involvement was common in EGPA and was associated with younger onset age, higher
eosinophil count, higher disease activity and poorer prognosis. Comprehensive cardiac examinations and
appropriate treatment are essential to improve the prognosis of cardiac involvement.

Background
Eosinophilic granulomatosis with polyangitis (EGPA), formerly known as Churg–Strauss syndrome (CSS), was
�rst described by Churg and Strauss as a rare autoimmune disease characterized by severe asthma,
hypereosinophilia and symptoms of necrotizing vasculitis in various organs[1]. It is classi�ed as an
antineutrophil cytoplasmic antibody (ANCA)–associated systemic vasculitis affecting small to medium-size
vessels[2], with ANCA positivity ranging from 26.2%~85% [3-9].

As a common target organ, cardiac involvement has been reported in 16.1%~92% of EGPA patients according
to previous studies[1, 4, 9-16]. The cardiac manifestations of EGPA are diverse, ranging from myocarditis,
arrhythmia, valvular defects, heart failure, myocardial infarction and pericardial effusion to cardiac
tamponade[11, 13, 16-18]. Cardiac involvement in EGPA strongly predicts worse prognosis[5, 19] and higher
mortality[5, 14, 20-22]. So far, there has been few data available on cardiac involvement in EGPA patients in
Chinese population. We retrospectively studied the data of 83 Chinese EGPA patients to describe and analyze
the prevalence, clinical characteristics, prognostic factors and outcome of cardiac involvement in EGPA
patients in China, aiming to strengthen people’s understanding of cardiac involvement in EGPA and provide
some meaningful information for physicians during clinical practice. 

Methods
Patients
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We retrospectively collected the data of patients diagnosed with EGPA and hospitalized in Peking Union
Medical College Hospital from December 2001 to June 2018 by retrieving medical records. All patients ful�lled
the American College of Rheumatology criteria for EGPA[23]. Brie�y, patients who met four or more of the
following diagnostic criteria would be diagnosed with EGPA: (1) asthma; (2) eosinophilia 10%; (3)
mononeuropathy or polyneuropathy; (4) non-�xed pulmonary in�ltrates; (5) paranasal sinus abnormality; (6)
extravascular eosinophils. Birmingham vasculitis activity score (BVAS)[24] was used to assess disease activity
and the revisited Five Factor Score (FFS)[20] to evaluate the prognosis of all EGPA patients included in this
study.

According to previous studies[14, 17, 25], cardiac manifestations were attributable  to EGPA when patients
presented with signi�cant arrhythmia, pericardial effusion, acute heart failure, regional or global wall motion
abnormalities, diastolic dysfunction, cardiomyopathy, vavular dysfunction and myocardial enzyme
abnormalities which couldn’t be explained by other etiologies.

Clinical data

All the clinical data including age at disease onset, disease duration, initial symptoms, organ involvement,
hospitalization time, clinical manifestations, laboratory �ndings, imaging examinations, treatment and follow
up were recorded. Laboratory �ndings at diagnosis and after treatment were recorded retrospectively, such as
complete blood count, serum immunoglobulin E (IgE) levels, hypersensitive C-reactive protein (hsCRP),
erythrocyte sedimentation rate (ESR), ANCA test, myocardial enzyme levels, N-terminal prohormone of brain
natriuretic peptide (NT-proBNP), liver function test, serum creatinine and so on. Imaging examinations included
electrocardiogram (ECG), 24 hours dynamic electrocardiogram (DCG), ultrasound scan, magnetic resonance
imaging (MRI), computed tomography (CT) scan, neuroelectrophysiological examination etc. Plus, some
patients underwent lung/skin/renal/heart biopsy upon indication and the pathology results were also recorded.

Statistical analysis

Continuous variables were shown as mean ± standard deviation (SD) or median (interquartile range, IQR), while
categorical variables were shown as numbers (percentage). Continuous variables were analyzed using
Student’s t test or Mann-Whitney U test, and categorical variables used chi-square test or Fisher’s exact test as
required. Type-1 error was decided to be 5%. Statistics were analyzed via a SPSS version 23.0 software.

Results
Demographic data and clinical manifestations

Eighty-three EGPA patients (mean ± SD age 47.3 ± 14.3 years) were included in this study, among which there
were 57 (68.7%) men and 26 (31.3%) women. Twenty-three 27.7%  patients were diagnosed with cardiac
involvement in this cohort. The median duration before diagnosis was 36 months (IQR, 12-84). Sixty-four
(77.1%) patients had asthma, 67 (80.7%) patients had paranasal sinus abnormalities and non-�xed pulmonary
in�ltrates were observed in 72 (86.7%) patients. Additionally, 19 (22.9%) patients were diagnosed with renal
involvement and 18 (21.7%) patients with gastrointestinal involvement. Fourteen (16.9%) patients had central
nervous system involved, while 57 (68.7%) patients had the manifestations of peripheral neuropathy.
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As for laboratory �ndings, all but 1 patient underwent ANCA test and ANCA positivity was found in 26 (31.7%)
patients, among which 4 (15.4%) patients were cANCA positive and 22 (84.6%) patients were pANCA positive.
EGPA patients also had blood eosinophilia: median absolute eosinophil count, 4160/μL (IQR, 1830-8780).

Cardiac involvement

In this study, 23 (27.7%) patients were diagnosed with cardiac involvement, among which 13 (56.5%) patients
presented with chest pain and dyspnea and 10 (43.5%) patients were asymptomatic. The diagnosis of cardiac
involvement was made upon the combination of clinical symptoms, myocardial enzyme levels, ECG and
cardiac imaging examinations. Three (13%) patients were admitted to hospital due to cardiac involvement,
while other patients were found to have cardiac involvement during hospitalization. Compared with EGPA
patients without cardiac involvement, patients with cardiac involvement had younger onset age (mean ± SD,
38.4 ± 10.5 vs. 42.1 ± 15.9 years, p=0.039). Furthermore, women were inclined to have cardiac involvement in
this cohort, since there were 11 (47.8%) women in the group of cardiac involvement, while there were only 15
(25%) women in the group of non-cardiac involvement (p=0.045). Patients with cardiac involvement tended to
have higher eosinophil count [median (IQR), 5810 (4020-11090) vs. 2880 (1530-6570) n/μL, p=0.004]. There
were no differences between the two groups considering organ involvement and the level of hsCRP, ESR as well
as serum IgE. These data are shown in Table 1 in detail. 

All patients with cardiac involvement underwent ECG test: 4 (17.4%) patients were found to have sinus
tachycardia and 5 (21.7%) have ST-segment or T wave abnormalities. Among them, one (4.3%) patient who
had ST-segment elevation and progressed to cardiac arrest survived due to timely cardio-pulmonary
resuscitation. One (4.3%) patient was found to have third-degree atrioventricular block and needed the support
of temporary pacemaker. Ten (43.5%) patients did not present with ECG abnormalities, but had elevated
myocardial enzymes or echocardiographic changes. Thirteen patients (56.5%) had elevated cardiac Troponin I
(cTn I) levels and elevated NT-proBNP levels were found in 12 patients (52.2%).

Echocardiography was performed in all patients with cardiac involvement, and 21 (95.5%) patients had
different kinds of cardiac disorders. Six (26.1%) patients were found to have decreased LVEF [median (IQR),
34.1% (31%-46%)], among which one patient needed extracorporeal membrane oxygenation (ECMO) support
because of cardiogenic shock caused by extremely low LVEF (11%). Eleven (47.8%) patients had diastolic
function abnormality or segmental dyskinesia, and 6 (26.1%) patients had mitral or tricuspid insu�ciency. Mild
to moderate pericardial effusion was observed in 7 (30.4%) patients. Only 2 (8.7%) patients underwent cardiac
MRI examination, and both were found to have late gadolinium enhancement of the myocardium and one had
decreased LVEF (43.8%) which was not identi�ed by the echocardiography. Six patients had coronary artery
CTA examination, none of which had major abnormalities that can account for cardiac involvement. These
�ndings can be seen in Table 2.

Disease activity, treatment, outcome and follow-up

In contrast with patients without cardiac involvement, patients with cardiac involvement had higher BVAS
[median (IQR), 20 (16-28) vs. 15 (12-18), p=0.001], which indicated higher disease activity in the group of the
cardiac involvement. Moreover, patients with cardiac involvement had more chance to have poor prognosis
(FFS≥1, 100% vs. 38.3%, p=0.001).
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All patients with cardiac involvement accepted the combination of glucocorticoids and cyclophosphamide
(CTX) as induction treatment. Fifteen (65.2%) patients were given methylprednisolone pulse plus CTX therapy,
8 (34.8%) patients received the treament of high dose glucocorticoids plus CTX. Maintenance treatment
included glucocorticoids plus CTX (n=18) and glucocorticoids alone (n=2).

As for the outcome of EGPA patients with cardiac involvement, one patient died of infectious shock due to gut
perforation, one patient died of multi-organ failure and one died of cerebral hernia. Twenty (87%) patients
achieved remission after treatment, with LVEF improved, myocardial enzymes decreased or ECG become
normal.

The median follow-up period of patients with cardiac involvement was 38 months (IQR, 25-69.5), with one
patient lost to follow up. During the follow up, 3 (15.8%) patients relapsed and were admitted into the hospital
again. The relapsed organs were heart, ear and lung respectively, and all patients achieved remission again
after treatment. No relationship was observed between the the presence of relapse and disease activity as
described by BVAS or FFS at baseline. One (5.3%) patient progressed to heart failure, 15 (78.9%) patients
achieved long term remission and no patients died during follow up. These �ndings are shown in Table 3.

Table 1. Characteristics of EGPA patients with or without cardiac involvement
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  Cardiac Involvement

(n=23)

Non-Cardiac involvement

(n=60)

p Value

Female 11 (47.8%) 15 (25%) 0.045

Age at onset (yr) 38.4 ± 10.5 42.1 ± 15.9 0.039

Duration (m) 36 (24-72) 30 (12-96) 0.959

Hospitalization time (d) 28 (20-39) 25 (20-32.8) 0.404

Follow up (m) 38 (25-69.5) 34.5 (14.3-58.5) 0.492

Clinical features      

Skin involvement 10 (43.5%) 37 (61.7%) 0.135

ENT involvement 18 (78.3%) 49 (81.7%) 0.760

Asthma 18 (78.3%) 46 (76.7%) 0.877

Lung in�ltration 20 (87%) 52 (86.7%) 1

Renal involvement 4 (17.4%) 15 (25%) 0.460

GI involvement 6 (26.1%) 12 (20%) 0.562

Peripheral neuropathy 16 (69.6%) 41 (68.3%) 0.914

CNS manifestation 4 (17.4%) 10 (16.7%) 1

BVAS 20 (16-28) 15 (12-18) 0.001

FFS      

0 0 (0%) 37 (61.7%)  

1 14 (60.9%) 18 (30%) 0.001

2 9 (39.1%) 5 (8.3%)  

ANCA positivity 5 (21.7%) 21 (35%) 0.226

Eosinophil count (n/μL) 5810 (4020-11090) 2880 (1530-6570) 0.004

Eosinophil count (%) 42.7 (32.3-56.7) 33.3 (20.1-46) 0.02

ESR (mm/h) 30 (9-75) 40 (17.5-58.5) 0.962

hsCRP (mg/L) 25.2 (7.1-81.3) 29.3 (9.2-98.5) 0.755

Serum IgE (kU/L) 469 (212.5-1635) 413.5 (162.5-1524.3) 0.681

Abbreviations: ENT: ears, nose, and throat; GI: gastrointestinal; CNS: central nervous system; BVAS:
Birmingham vasculitis activity score; FFS: Five Factor Score; ANCA: antineutrophil cytoplasmic antibody; ESR:
erythrocyte sedimentation rate; hsCRP: hypersensitive C-reactive protein; IgE: immunoglobulin E.
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Table 2. Cardiac �ndings in 23 patients with EGPA
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Case Age/sex cTn I NT-
proBNP

ECG CTA Echocardiography Cardiac MRI

1 40/F NA NA sinus
tachycardia

NA LVEF 37.2% NA

 

2 34/M elevated elevated left anterior
hemiblock

normal LVEF46%,
diastolic function
abnormality

NA

3 39/F elevated elevated sinus
tachycardia

normal normal NA

4 37/M normal normal ST-segment
elevation

25%
stenosis
of LAD

LVEF 46%,
segmental
dyskinesia

NA

5 49/M normal NA normal NA echo-
enhancement of
myocardium,
hypokinesia

NA

6 25/M NA NA normal NA pericardial
effusion

NA

7 49/F elevated elevated AVB grade
III

NA LVEF  31%,
diastolic function
abnormality

NA

8 36/F elevated NA PVC NA LVEF 31%→11%,
mitral
insu�ciency

NA

9 49/F elevated elevated normal Normal pericardial
effusion, mitral
and tricuspid
insu�ciency

NA

10 34/F elevated NA normal NA normal NA

11 30/F elevated elevated normal NA mild mitral
insu�ciency

NA

12 42/F elevated elevated normal normal myocardiopathy,
hypokinesia

NA

13 48/M normal normal normal NA echo-
enhancemen of
left ventricular
apex, hypokinesia

NA

14 26/M elevated elevated V1-6 ST-
segment
depression

NA LVEF 31%, mitral
insu�ciency,
hypokinesia, mild
PAH

NA

15 57/M normal elevated PVC, SVT NA LVEF 68%,
hypokinesia,        
mild pericardial
effusion

NA
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16 54/F elevated elevated normal NA pericardial
effusion

NA

17 28/M normal normal normal NA LVEF 63%,
segmental
dyskinesia

LGE of
interventricular
septum

18 34/M normal elevated Sinus
tachycardia

NA LVEF 50%,
hypokinesia, mild
pericardial
effusion

NA

19 31/F normal normal Sinus
tachycardia,
I II III aVF
V4-6 ST-
segment
depression

NA LVEF 73% diffuse
thickening of
pericardium, mild
pericardial
effusion

NA

20 55/F elevated elevated V1-5 T
wave
inversion

NA LVEF 62%, mild
pericardial
effusion

NA

21 57/M normal normal P mitrale NA mitral
insu�ciency, mild
PAH

NA

22 53/M elevated elevated normal normal LVEF 62%,
segmental
dyskinesia

LGE of left and
right
ventricular
wall,
LVEF=43.8 %,
mild
pericardial
effusion

23 53/M elevated NA V4-6 ST-
segment
depression

NA left ventricular
hypertrophy,
mitral
insu�ciency

NA

Abbreviations: cTn I: cardiac Troponin I; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; ECG:
electrocardiogram; CTA: computed tomography angiography; MRI: magnetic resonance imaging; LAD: left
anterior descending; AVB: atrioventricular block; LVEF: left ventricular ejection fraction; PAH: pulmonary artery
hypertension; PVC: premature ventricular contraction; SVT: supraventricular tachycardia; LGE: late gadolinium
enhancement; NA: not available.

 

Table 3. Treatment, outcome and follow-up of 23 patients with EGPA
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Case BVAS FFS Induction treatment Maintenance treatment Outcome Follow-up

1 34 2 MP pulse/CTX - death -

2 15 1 MP pulse/CTX MP remission remission

3 16 1 MP pulse/CTX Pred/CTX remission relapse

4 13 2 MP/CTX Pred/CTX remission relapse

5 29 2 MP pulse/CTX MP/CTX remission remission

6 16 1 Pred/CTX Pred remission lost

7 24 1 MP/CTX MP/CTX remission remission

8 18 2 MP pulse/CTX Pred/CTX remission remission

9 20 1 MP/CTX MP/CTX remission remission

10 19 2 MP/CTX Pred/CTX remission remission

11 14 1 MP pulse/CTX Pred/CTX remission remission

12 21 1 MP pulse/CTX Pred/CTX remission CHF

13 24 1 MP/CTX MP/CTX remission remission

14 38 2 MP pulse/CTX - death -

15 19 1 MP pulse/CTX Pred/CTX remission remission

16 33 2 MP pulse/CTX - death -

17 20 1 Pred/CTX Pred/CTX remission remission

18 42 2 MP/CTX Pred/CTX remission remission

19 12 1 MP/CTX Pred/CTX remission relapse

20 18 1 MP/CTX Pred/CTX remission remission

21 16 1 MP pulse/CTX MP/CTX remission remission

22 23 1 MP pulse/CTX MP/CTX remission remission

23 28 2 MP pulse/CTX MP/CTX remission remission

Abbreviations: MP: methylprednisolone; Pred: prednisone; CTX: cyclophosphamide; CHF: chronic heart failure.

Discussion
EGPA was believed to have a better prognosis than other ANCA-associated vasculitis[5, 26], while cardiac
involvement is an independent risk factor of mortality[5, 20]. Previous studies have demonstrated the
prevalence of cardiac involvement of EGPA ranging from 16.1%~92%, while the prevalence in our cohort was
27.7%, which was relatively low. One reason may lie in the fact that only two patients underwent cardiac MRI
which is more sensitive and can identify cardiac abnormalities in EGPA patients despite normal ECG and
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echocardiography as previous studies suggested[9, 14, 27, 28]. Patients with cardiac involvement had distinct
characteristics from those without cardiac involvement in this cohort. According to previous studies[11, 12, 17,
29], EGPA was more common in male than female, which was also observed in our cohort (male vs. female,
68.7% vs. 31.3%).  However, there were more female patients (47.8%) in the group of cardiac involvement than
that in the group of non-cardiac involvement (25%), indicating that female patients have a higher incidence of
cardiac involvement in this population. Furthermore, patients with cardiac involvement in our study tended to
have younger onset age compared with those without cardiac involvement, which was not identi�ed in other
studies.

It was demonstrated by many studies that ANCA negativity was correlated with heart involvement and lung
involvement[4, 6, 19, 25], while ANCA positivity was correlated with renal involvement and pulmonary
hemorrhage[4, 6, 30]. Thus, cardiac involvement of EGPA was regarded as the result of  eosinophilic in�ltration
in the tissue [1, 31], and eosinophilia played a more signi�cant role than ANCA in cardiac involvement of
EGPA[15]. In our study, we also noted a higher level of eosinophil count in the group of cardiac involvement,
which was consistent with the �ndings of previous series[15, 25]. Though not signi�cant, the percentage of
ANCA positivity was lower in the group of cardiac involvement in this study. A number of patients had taken
glucocorticoids treatment before diagnosis, which may account for this phenomenon.

The diagnosis of cardiac involvement was made upon the combination of clinical manifestations, ECG,
myocardial enzyme levels, coronary artery CTA, echocardiography and cardiac MRI. Chest pain was a common
syndrome caused by cardiac involvement in our series, which is in accordance with the series of Vinit, J., et al.
[15].  However, almost half of the patients were asymptomatic or had normal ECG, while there were cardiac
abnormalities detected by echocardiography or cardiac MRI. As a result, an overall evaluation of heart
condition should be taken to exclude cardiac involvement despite normal ECG and absence of cardiac
manifestations, as recommended by previous studies[14, 17], since cardiac involvement in EGPA indicates poor
prognosis and high mortality.

EGPA patients with cardiac involvement tended to have higher FFS as previously reported[9, 25], which was
also noted in our cohort, suggesting a poor prognosis in patients with cardiac involvement. It was also
identi�ed in our study that patients with cardiac involvement had higher BVAS, which predicted higher disease
activity and severe organ damage. However, the application of glucocorticoids and the combination of
immunosuppressive agents such as CTX in severe cases signi�cantly improved the outcome of EGPA[5, 19].
Thus, all patients with cardiac involvement in our study received the induction treatment of high dose
glucocorticoids combined with CTX and achieved remission in acute phase. Consequently, the overall outcome
of patients with cardiac involvement in our cohort turned out to be good. Therefore, early diagnosis and
appropriate treatment are indispensable to prevent the acceleration of cardiac involvement in EGPA[17, 32, 33].

This is the �rst study with a relatively large sample concerning the cardiac involvement of EGPA patients in
Chinese population according to our knowledge. We identify that patients with cardiac involvement have
distinct clinical characteristics from those without cardiac involvement in this cohort, which may provide some
meaningful information for physicians during clinical practice. What’s more, our study also suggests that
cardiac involvement predicts poor prognosis and higher disease activity in EGPA patients. Comprehensive
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cardiac examinations and appropriate treatment are essential to make early diagnosis and improve the
outcome of cardiac involvement of EGPA patients in our study.

However, there are several limitations of our study. First of all, this is a cross-sectional and retrospective study
that may bring in some biases, which may have an in�uence on the results. Lack of endomyocardial biopsy to
con�rm the diagnosis of cardiac involvement is another limitation of our study.

Conclusion
In conclusion, cardiac involvement was common in this EGPA cohort and mainly presented with chest pain.
Compared with those without cardiac involvement, patients with cardiac involvement tended to have
association with younger onset age, higher eosinophil count, higher disease activity and poorer prognosis.
Comprehensive cardiac examinations are important to make early diagnosis. High-dose glucocorticoids
combined with CTX might be the preferred treatment which can prevent the acceleration of cardiac
involvement effectively.
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ANCA: antineutrophil cytoplasmic antibody

AVB: atrioventricular block

BVAS: Birmingham vasculitis activity score

CHF: chronic heart failure

CNS: central nervous system

CSS: Churg–Strauss syndrome

CT: computed tomography

CTA: computed tomography angiography

CTX: cyclophosphamide

DCG: dynamic electrocardiogram

ECG: electrocardiogram

EGPA: eosinophilic granulomatosis with polyangitis

ENT: ears, nose, and throat

ESR: erythrocyte sedimentation rate

FFS: Five Factor Score

GI: gastrointestinal

hsCRP: hypersensitive C-reactive protein

IgE: serum immunoglobulin E

IQR: interquartile range

LAD: left anterior descending

LGE: late gadolinium enhancement;

LVEF: left ventricular ejection fraction
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MP: methylprednisolone

MRI: magnetic resonance imaging

NA: not available.

NT-proBNP: N-terminal prohormone of brain natriuretic peptide

PAH: pulmonary artery hypertension

Pred: prednisone

PVC: premature ventricular contraction

SD: standard deviation

SVT: supraventricular tachycardia
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