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Abstract: Introduction: The cardiovascular magnetic resonance (CMR) pattern of Churg-Strauss syndrome (CSS) 

includes myopericarditis, diffuse subendocardial vasculitis or myocardial infarction with or without cardiac symptoms and 

is usually associated with lack of antineutrophil cytoplasmic antibodies (ANCA). 

Aim: To correlate the CMR pattern with ANCA in CSS, compare it with healthy controls and systemic lupus 

erythematosus (SLE) patients and re-evaluate 2 yrs after the first CMR. 

Patients-Methods: 28 consecutive CSS, aged 42±7 yrs, were referred for CMR and 2 yrs re-evaluation. The CMR 

included left ventricular ejection fraction (LVEF), T2-weighted (T2-W), early (EGE) and late gadolinium enhanced 

(LGE) imaging. Their results were compared with 28 systemic lupus erythematosus (SLE) under remission and 28 

controls with normal myocardial perfusion, assessed by scintigraphy. 

Results: CMR revealed acute cardiac lesions in all ANCA (-) CSS with active disease and acute cardiac symptoms and 

only in one asymptomatic ANCA (+) CSS, with active disease. Diffuse subendocardial fibrosis (DSF) or past myocarditis 

was identified in both ANCA(+) and ANCA (-) CSS, but with higher incidence and fibrosis amount in ANCA (-) CSS 

(p<0.05). In comparison to SLE, both ANCA (+) and ANCA (-) CSS had higher incidence of DSF, lower incidence of 

myocarditis and no evidence of myocardial infarction, due to coronary artery disease (p<0.05). In 2 yrs CMR follow up, 

1/3 of CSS with DSF presented LV function deterioration and one died, although immunosuppressive treatment was given 

early after CSS diagnosis. 

Conclusions: Cardiac involvement either as DSF or myocarditis, can be detected in both ANCA (+) and ANCA (-) CSS, 

although more clinically overt in ANCA (-). DSF carries an ominous prognosis for LV function. CMR, due to its 

capability to detect disease severity, before cardiac dysfunction takes place, is an excellent tool for CSS risk stratification 

and treatment individualization. 
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INTRODUCTION 

 Churg–Strauss syndrome (CSS), Wegener's 
granulomatosis (WG) and microscopic polyangiitis (MPA) 
represent a rare group of antineutrophil cytoplasmic 
antibodies (ANCA)-associated with small vessel necrotizing 
vasculitis; they usually present with life-threatening kidney 
failure or pulmonary hemorrhage, have a mortality rate of 
28% at 5 years and contribute to increased morbidity and 
mortality of these patients [1]. Although CCS is classified as 
ANCA-associated vasculitis, ANCA were identified only in 
38% of cases [2]. Cardiac involvement in CSS can be 
presented as myopericarditis, diffuse subendocardial 
vasculitis or myocardial infarction with or without cardiac 
symptoms, carries a poor prognosis and is usually associated 
with the absence of ANCA and high eosinophil counts [1-4]. 
According to existing data, this correlation has been based 
on clinically overt cardiac disease; however, in a 
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considerable number of patients, heart involvement can be 
silent [2]. 

 Cardiovascular magnetic resonance (CMR), a non-
invasive, non-radiating technique, has been already used as 
the most accurate diagnostic tool to assess heart involvement 
in CSS [5-7]. CMR, due to high spatial resolution, is the only 
non-invasive technique capable to give early, reliable and 
reproducible information about myopericarditis, diffuse 
subendocardial vasculitis and myocardial infarction, 
commonly assessed in CSS [5-8]. The CMR patterns in CSS 
include the detection of subepicardial or intramural late 
gadolinium enhancement (LGE), diffuse subendocardial 
LGE and transmural LGE following the distribution of 
coronary vessels in myocarditis, diffuse subendocardial 
vasculitis and myocardial infarction, respectively [5-8]. 
Additionally, disease acuity can be assessed after evaluation 
of myocardial T2 images [6-8]. 

 Our aim was a) to assess the true incidence of heart 
involvement in CSS based on an objective, operator 
independent technique, such as CMR and not only on the 
clinical signs b) to correlate the CMR pattern with the 
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presence of ANCA and disease acuity c) to compare the 
CMR findings of CSS with those obtained from age-matched 
healthy controls and disease-control group with systemic 
lupus erythematosus (SLE) and d) to evaluate the impact of 
CMR pattern 2 yrs after the initial scan. 

PATIENTS-METHODS 

Patients 

 Twenty-eight consecutive CSS patients (19 women, 9 
men) aged 42±7, classified according to the Chapel Hill 
nomenclature [9], were referred to our hospital between 
2003- 2008 for clinical and CMR evaluation. CMR 
evaluation was required by the referring physician, because 
according to recent data, myocardial involvement may occur 
in both symptomatic and asymptomatic CSS, even if the 
disease is considered under remission and CMR is the most 
reliable technique to detect it [5-8]. Two years after the 
initial CMR, a CMR re-evaluation was also performed. The 
occurrence of serum classic and perinuclear ANCAs was 
assessed by indirect immunofluorescence and specific 
enzyme-linked immunosorbent assays. In all patients, the 
disease had been diagnosed for >3 years (8 ±2 years), and 
treatment (cyclophosphamide 100 mg/day or mycophenolate 
mofetil 2.0 gm/day in combination with corticosteroids) had 
been introduced immediately after the disease diagnosis. 
Five out of 28 CSS patients received cardiac medications, 
including ACE inhibitors and statins. The disease activity of 
the patients was assessed using the 2005 Birmingham 
Vasculitis Activity Score (BVAS) [10, 11]. At the time of 
CMR, patients manifested a median BVAS score of 5 (range 
0–8). 

 The control groups (1 group of disease-controls and 1 of 
healthy controls) were selected on the basis of lack of risk 
factors for, history of, or evidence of cardiac disease. 
Disease-controls consisted of 28 age-matched patients with 
SLE (24 women and 4 men; mean age 45±8 years. All SLE 
patients had long-standing multi-organ involvement (disease 
duration 7±1 years) with a history of severe proliferative 
glomerulonephritis (World Health Organization class III or 
IV) that was in remission (i.e., with normal creatinine 
clearance and inactive urinary sediment) at the time of CMR 
examination. The healthy control group consisted of 28 age-
matched individuals with normal myocardial perfusion 
documented by thallium scintigraphy (20 women and 8 men, 
aged 40±8 years). The demographic and disease features of 
the CSS patients studied are shown in Table 1. The study 
was approved by the Ethics Committee of our hospital and 
all patients gave written informed consent. 

Cardiac Magnetic Resonance Imaging 

 CMR evaluation was performed in all CSS patients using 
a 1.5 T system. CMR evidence of myocarditis was defined 
according to published criteria as determined from T2-
weighted (T2-W), T1-weighted (T1-W) early (EGE) and late 
(LGE) after contrast media (gadolinium) injection. 

 The values of T2 ratio>2, EGE>4 and the presence of 
LGE were considered as abnormal. The study was diagnosed 
as positive, if at least 2 out of 3 imaging sequences gave 

positive results [12, 13]. ECG-triggered, STIR T2-W 
multislice spin-echo sequence and T1-W multislice spin-
echo images were obtained in axial orientation with identical 
parameters before and after an intravenous bolus of 
0.1mmol/kg Gd-DTPA. Measurements after Gd-DTPA were 
started within 1 minute of injection (EGE). Immediately 
after the second set of T1-W images, 0.1 mmol/kg Gd-DTPA 
was given again and late gadolinium-enhanced images 
(LGE) were taken 15 min later. LGE was characterized 
according to its location as subepi- or intramyocardial not 
corresponding to the distribution of coronary arteries, 
subendocardial or transmural corresponding to the 
distribution of coronary arteries and diffuse subendocardial 
indicative of myocarditis [12-14], myocardial infarction [15] 
and diffuse subendocardial vasculitis [8, 16], respectively. 

 Images were analyzed according to previously described 
protocols [12-16]. In T2-W and in EGE the signal ratio 
measured from the region of interest covering the left 
ventricular myocardium as well as within a skeletal muscle 
in the same slice. To assess the contrast-enhanced images 
(LGE), we summed the planimetered areas of LGE in all 
short- axis slices yielded the total volume, which was also 
expressed as a proportion of total LV myocardium (% LGE). 

 For the assessment of left ventricular function, a steady-
state free-precession (SSFP) sequence was used. Cine 
images were analyzed qualitatively. Left ventricular ejection 
fraction (LVEF) was calculated as follows: LVEF = 
[(volume at end-diastole – volume at end-systole) / volume 
at end-diastole]. 

Statistical Analysis 

 All measurements were expressed as mean±SD. 
Statistical significance of the differences was investigated 
using unpaired Student’s T-test. Correlation between 
variables was sought with Pearson’s correlation coefficient. 
Statistical significance was considered for p<0.05. 

RESULTS 

 ANCA positivity was identified in 12/28 CSS. A 
perinuclear ANCA (pANCA) pattern was found in 9/12 
patients (75%), with specificity for myeloperoxidase (MPO) 
in all, while a cytoplasmic ANCA pattern, with specificity 
for proteinase 3, was found in 1/12 CSS (8.3%). Atypical 
patterns were found in 2/12 CSS with anti-MPO antibodies 
(16.5%). All SLEs and 21/28 CSS were under remission, 
while 4 ANCA (+) and 3 ANCA (-) CSS were in acute 
phase. 

 Acute cardiac symptoms included shortness of breath and 
chest pain. ECG changes included sinus tachycardia (95-112 
bs/min), ST elevation>2mm in precordial leads, 
supraventricular and ventricular extrasystolic beats, but no 
evidence of atrial fibrillation, ventricular tachycardia or 
atrio-ventricular block. Increased troponin I levels, mean 
18±3 μg/L (normal values: <0.1 μg/L) were identified in 
3/16 ANCA (-) CSS with active disease; these patients 
presented also increased CRP and ESR (10±3 and 22±4, 
normal range 0-5 and 0-10, respectively). Coronary 
angiography, performed in all of them, revealed normal 
coronaries. The CMR of CSS with acute symptoms 
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documented LVEDV= 248 ±3, LVESV=172±14 
LVEF=30±4%, T2 ratio=3.8±0.35, EGE= 7±1 and diffuse 
subendocardial LGE =10±1% of LV mass, due to acute 
subendocardial vasculitis. Acute cardiac symptoms were not 
identified in any of ANCA (+) CSS (p<0.001). No 
correlation was identified between ECG and CMR location 
of lesion. 

 In asymptomatic CSS, ECG changes, including T wave 
abnormalities, supraventricular extrasystolic beats and/or 
pathologic Q waves, were identified in 5/25. The CMR 
evaluation revealed normal LVEF without wall motion 
changes in all of them. In ANCA (+) CSS, 1/12 had T2 
ratio=3.5, EGE=5 and diffuse, subendocardial LGE=8% of 
LV mass and 3/12 had only diffuse, subendocardial LGE, 
indicative of acute and chronic vasculitis, respectively; these 
patients never experienced cardiac symptoms and CSS was 
considered under remission in 8/12; ANCA (-) CSS 
presented higher incidence of LGE compared to ANCA (+) 
CSS (8 vs 4 patients, p<0.05), including diffuse 
subendocardial LGE in 6/13 and subepicardial LGE in the 
lateral wall of LV in 2/13 ANCA (-) CSS, indicative of 
chronic, diffuse, subendocardial vasculitis and past 
myocarditis, respectively (p<0.05) (Figs. 1, 2). 

 In SLE, ECG changes including T wave abnormalities, 
supraventricular, extrasystolic beats and/or pathologic Q 
waves were identified in 6/28. LVEF was normal, without 
wall motion changes in all, except one who presented 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). LGE in the lateral wall of LV indicative of past 

myocarditis in an ANCA(-) CSS patient. 

akinesia of LV anterior wall. However, increased T2 ratio=3 
and 4 and subepicardial LGE in lateral wall of LV, indicative 
of acute myocardial inflammation, was identified in 2 
asymptomatic SLE. Finally, positive LGE accompanied by 
normal T2 ratio (evidence of chronic lesion) was identified 
in other 10 SLE patients, including subepicardial LGE in the 
 

Table 1. Risk Factors, Demographic and Disease Features of the CSS, SLE and Healthy Controls Studied 

 

Features ANCA (+) CSS (n=12) ANCA (-) CSS (n=16) SLE (n=28) Controls (n=28) 

Age, mean (SD) years 42±7 41±9 45±8 40±8 

Sex, male/female 4/8 5/11 4/24 8/20 

Diabetes 0 1 2 0 

Dyslip/a 1 1 2 0 

Smoking 0 0 0 0 

Hypertension 1 1 1 0 

Family history of heart disease  0 0 0 0 

CRP mg/L; mean (SD), (normal range 0-5) 4±1 5±4 2±2 0.5±0.2 

ESR, mm/hr; mean (SD), (normal range 0-10) 4±3 9±7 6±5 2±2 

Total eosinophil count (%) 4.5 % 1.5% 0.8% 0.5% 

Disease, mean (SD) years 8±2 9±2 7±1 - 

ENT involvement  6 5 0 - 

Eye involvement 0 0 0 - 

Lung involvement 3 4 5 - 

Bronchial asthma 8 10 2 - 

Kidney involvement 0 0 25 - 

Musculoskeletal involvement 3 4 8 - 

Neurologic involvement 5 6 7 - 

Skin involvement 7 9 12 - 

Clinically overt heart disease 0 3/16 0 - 
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Fig. (2). Diffuse subendocardial LGE due to subendocardial 

vasculitis in an ANCA (-) CSS patient. 

inferior wall of LV in 5, transmural anterior LGE in 2 (Fig. 
3) and diffuse subendocardial LGE in 3, due to past 
myocarditis, transmural, anterior myocardial infarction and 
diffuse subendocardial vasculitis, respectively). No 
pericardial effusion, valvular disease, or thrombi were 
identified in any of patients or controls. Detailed CMR 
findings of CSS, SLE and controls are presented in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Transmural LGE in the anterior wall of LV, due to 

transmural anterior myocardial infarction, in a SLE patient. 

 No difference was identified in LVEDV, LVESV, LVEF 
between the 4 groups; However, the amount of LGE was 
significantly higher in ANCA (-) CSS, compared to ANCA 
(+) CSS, SLE and controls (p<0.05). Additionally, CSS with 
acute cardiac symptoms had significantly increased LV 
impairment, compared to asymptomatic CSS, SLE and 
controls (p<0.05). 

 Two years after the initial scan, CMR did not identify 
any difference in LVEF in CSS, except 4/13 (3 ANCA - and 
1 ANCA +) with evidence of DSF in the initial scan, who 

developed heart failure (initial LVEF=68.5±2.29%, LVEF 
after 2 yrs =45.5±4.5%) and 1/3 ANCA (-) CSS died. 
Finally, 2 years after the initial scan no difference was 
identified in any SLE, except 2 (1 with myocardial infarction 
and 1 with myocarditis), who developed LV impairment 
(initial LVEF= 58±3%, LVEF after 2 yrs =44±2%). 

DISCUSSION 

 The CMR evaluation of a CSS population documented 
the presence of acute cardiac involvement in all ANCA (-) 
CSS with active disease and acute cardiac symptoms and 
only in one asymptomatic ANCA (+) CSS, with active 
disease. CMR evidence of chronic cardiac involvement, 
presented either as diffuse subendocardial fibrosis (DSF) or 
as past myocarditis, was identified in both ANCA(+) and 
ANCA (-) CSS, but with a higher incidence and fibrosis 
amount in ANCA (-) CSS. In comparison to SLE, both 
ANCA (+) and ANCA (-) CSS had a higher incidence of 
DSF, lower incidence of myocarditis and no evidence of 
myocardial infarction, due to coronary artery disease. The 2 
years CMR follow up documented that 1/3 of CSS with DSF 
developed LV function deterioration and one patient died, 
although immunosuppressive treatment was started 
immediately after CSS diagnosis. 

 To our knowledge this is the first study presenting the 
entire spectrum of cardiac involvement in ANCA (+) and 
ANCA (-) CSS, a comparison with SLE and matched 
controls and a 2 years follow up, based on CMR. We proved 
that ANCA (-) CSS had more often clinically overt and 
severe cardiac involvement compared to ANCA (+) CSS and 
the main finding was DSF, while in SLE, myocarditis and 
coronary artery disease. Additionally, ANCA (-) CSS with 
DSF had a worst prognosis in 2 years follow up, which was 
in agreement with previous studies [21]. According to 
existing evidence, the differences on CMR patterns between 
CSS and SLE may have serious implications on patients’ 
prognosis [6, 8, 14, 16-29]. The rapid deterioration of CSS 
with DSF, although they were under immunosuppressive 
medication early after CSS diagnosis, suggests that maybe a 
more intensive therapeutic approach is needed in these 
resistant cases, even if they are clinically silent. 
Additionally, CMR should motivate early cardiac treatment, 
even if LVEF is still normal, according to ACC/AHA 
guidelines, in order to avoid evolution to overt heart failure 
[30]. Furthermore, not only the presence but also the LGE 
amount plays an important role in patients’ prognosis, 
because even a small area of LGE (<2% of LV mass) was 
associated with a greater than 7-fold increase in risk for a 
major adverse cardiac event [31]. 

 Currently, the cardiac evaluation of CSS is almost 
exclusively based on LV wall motion and function changes, 
assessed by echocardiography. However, echocardiography, 
although cheap and widely available, is an operator 
dependent technique, unable to perform tissue 
characterization and detect silent lesions, before LV wall 
motion changes take place. In contrary, CMR, as a non- 
invasive technique capable to perform patients’ selection, 
according to disease severity, may facilitate risk stratification 
and treatment individualization in both symptomatic and 
silent CSS. 
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LIMITATIONS OF THE STUDY 

 The current study has the following limitations: 

a) Small patients’ number, due to disease rarity. 

b) Referral bias, because patients referred to a tertiary 
centre present usually more severe forms of the 
disease 

c) Cardiac catheterisation was performed only in CSS 
with acute symptoms and endomyocardial biopsy was 
not performed, due to ethical reasons. 

d) Comparison with the SLE group is of limited 
significance as there is a wide range of disease 
manifestations in lupus, mainly because it refers to a 
selected group of SLE patients with severe multi-
organ illness and does not reflect the broad spectrum 
of SLE patients. 

CONCLUSIONS 

 Cardiac involvement either as DSF or myocarditis, can 
be detected in both ANCA (+) and ANCA(-) CSS, although 
more severe and clinically overt in ANCA(-). DSF carries an 
ominous prognosis for LV function. CMR, due to its 
capability to perform tissue characterization and assess 
disease severity, before any abnormality of local or global 
function takes place, is an excellent tool for CSS risk 
stratification and treatment individualization. 
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