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Abstract To compare cardiovascular magnetic resonance

(CMR) characteristics between arrhythmogenic right ven-

tricular cardiomyopathy (ARVC) patients with syncope and

without syncope and explore CMR parameters related with

syncope. A consecutive series of 80 patients with ARVC

were divided in two groups according to history of syncope

prior to CMR examinations. The biventricular function and

volumes were calculated and indexed by body surface area.

Fatty infiltration and late-gadolinium enhancement (LGE)

were self-quantitatively analyzed according to segmental

model. Patients with syncope had statistically significant

greater left ventricular end-diastolic volume index

(LVEDVI) (79.6 ± 23.0 vs. 69.0 ± 17.9 mL/m2, P =

0.030), right ventricular end-diastolic volume index

(RVEDVI) (122.0 ± 30.0 vs. 107.4 ± 21.8 mL/m2, P =

0.017), and LGE incidence (52.2 vs. 21.1 %, P = 0.006)

than that of patients without syncope. Patients with syncope

had a trend towards greater number of segments with LGE

(8.6 ± 4.2 vs. 6.6 ± 3.1, P = 0.199) than that of patients

without syncope in subgroup analyses of patients with LGE,

but no statistical significance was reached. Multivariate

regression analysis showed the presence of LGE was

independently associated with syncope in patients with

ARVC (odds ratios 8.827, 95 % confidence interval

1.945–40.068, P = 0.005). CMR is helpful in detection and

management of the patients with ARVC. Patients with

syncope had significantly higher LVEDVI, RVEDVI and

LGE incidence, and larger studies with follow-up data are

needed to elucidate the relationship between LGE and

syncope in patients with ARVC.
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Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC)

(also known as arrhythmogenic right ventricular dysplasia

or ARVD) is a genetically determined cardiomyopathy

characterized by fibrous and fatty replacement and presents

as ventricular tachycardia (VT) and sudden cardiac death

(SCD) [1–3]. Syncope is the most common presenting

symptom and the greatest predictor of arrhythmic events

and independently associated with cardiovascular deaths in
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ARVC [3–8]. It has been reported previously that syncope

was an important predictor of life-saving implantable car-

dioverter defibrillator intervention in ARVC [9, 10].

Therefore, early detection at highest risk of experiencing

syncope would be helpful in management of the patients

with ARVC and may modify the natural history of the

disease.

In comparison to the left ventricle (LV), the right ven-

tricular (RV) evaluation is still a challenge because of the

semi-lunar shape, complex geometry and thin wall. Car-

diovascular magnetic resonance (CMR) imaging allows an

accurate morphological and functional evaluation of the

RV and is the standard imaging techniques for diagnosing

ARVC. A potential role of CMR lies in its ability for tissue

characterization to detect myocardial fibrofatty infiltration,

a finding that can precede functional abnormalities thus

allowing the disease detection at an earlier stage than the

Task force criteria (TFC) [11–18]. Myocardial fibrosis

identified using late-gadolinium enhancement (LGE) CMR

has been shown to be a predictor of prognosis in patients

with dilated, hypertrophic and ischemic cardiomyopathies

[19–21]. The mechanistic studies have demonstrated that

the presence of LGE is associated with ventricular

arrhythmias and is an independent predictor of adverse

outcomes in patients with ventricular arrhythmia [22, 23].

In this study, we sought to compare CMR characteristics

between ARVC patients with syncope and without syncope

and explore related risk factors for syncope.

Materials and methods

Study population

We collected consecutively a series of 80 patients with

clinical diagnosis of ARVC at Fuwai hospital. The diag-

nosis of ARVC was made according to the modified TFC,

if the patients either had two major criteria, one major and

two minor criteria, or four minor criteria [18]. All patients

underwent systematic clinical evaluation, including family

and personal histories, physical examination, 12-lead

electrocardiography, ambulatory 24-hour Holter monitor-

ing, transthoracic echocardiography, and CMR. In addition,

selective coronary angiography was performed in 9

patients with ARVC, and coronary computed tomography

angiography was performed 37 patients. The whole

patients were divided into two groups according to history

of syncope before CMR scan. Syncope is defined as a

transient loss of consciousness attributable to global cere-

bral hypo-perfusion, further characterized by rapid onset,

brevity, and spontaneous recovery [24]. The study was

performed in accordance with the Declaration of Helsinki

and was approved by the committee on human research at

our hospital.

CMR protocol

All examinations were performed on a 1.5 Tesla MR

scanner (Magnetom Avanto, Siemens Medical Solutions,

Erlangen, Germany). All imaging acquisitions were cap-

tured under breath control. Scout transversal and sagittal

images were acquired followed by a half-Fourier acqui-

sition single shot turbo spin echo sequence (HASTE).

Image parameters for HASTE were as follows: repetition

time (TR) 1 R–R interval, echo time (TE) 42 ms, slice

thickness 6 mm, imaging matrix 111 9 256, field of view

(FOV) 34 cm. True imaging with steady-stage precession

sequence (TrueFISP) was chosen for cine scan in the axial

and short-axis planes. A true 4-chamber cine image was

obtained in all patients, and the short-axis images were

prescribed on the 4-chamber diastolic image. Image

parameters for TrueFISP were as follows: TR 2.3 ms, TE

1.4 ms, slice thickness 6 mm, image matrix 256 9 192,

FOV 34 cm, flip angle 60�. For delineation of fatty

infiltration, fat-suppressed T1 and T2-weighted turbo spin

echo sequence (TSE) were collected. 15–20 min after

injection of 0.2 mmol/kg of gadolinium diethylenetria-

mine pentaacetic acid (Magnevist, Schering, Berlin, Ger-

many), images of LGE were obtained in standard short

axis covering the whole LV and RV, and in long axis

views to detect areas of LGE using a phase-sensitive

inversion recovery (PISR) spoiled gradient echo sequence.

Imaging parameters for LGE were as follows: TR 8.7 ms,

TE 3.4 ms, no gap between slice, imaging matrix

256 9 256, FOV 34 cm, flip angle 15�. For all scans the

optimal inversion time to null the signal of normal

myocardium was determined using an inversion-recovery

steady-state free precession sequence with incrementally

increasing inversion times.

CMR analysis

All magnetic resonance images were transferred to a dedi-

cated workstation (Siemens Medical Systems) for analysis.

Quantitative assessment was performed independently by

an experienced radiologist (M.J.L.) blinded to the clinical

and other diagnostic information, which had 13 years of

experience in CMR studies. Biventricular ejective fraction

(EF), end-diastolic volume index (EDVI), end-systolic

volume index (ESVI), and cardiac index (CI) were obtained

using Argus analytical software (version VE36A). Endo-

cardial margins of the LV and RV were semi-automatically

contoured on end-diastolic and end-systolic images. To

analyze inter-observer variability, 20 randomly selected
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CMR images were reassessed by another CMR operator

(G.Y.) with 6 years of experience.

To identify fatty infiltration, T1-weighted black blood

imaging without and with fat saturation was utilized. The

fatty infiltration was defined as an area of hyperintensity on

T1-weighted imaging that was suppressed out on the corre-

sponding fat saturation image. The same sequence was also

used to differentiate partial volume effects from epicardial

fat and LGE on the ventricular wall. For the detection of

ventricular fibrosis, Long and short-axis images were scru-

tinized. LGE was considered present only if myocardial

enhancement was confirmed on both short-axis and match-

ing long-axis locations using a signal intensity threshold of

[2 standard deviation (SD) above a remote reference region

as previously reported. In order to rule out confounding

effects from signal artifacts, we required an area of signal

intensity corresponding to the region of interest in two

orthogonal planes to confirm the presence of LGE. If there

was no orthogonal plane exactly matching the region in

question, an extra orthogonal slice was planned directly

through the area in question. The RV was divided into three

levels in the short-axis plane: basal, mid, and apical. Each of

these three levels was further divided into three segments

(superior, lateral, inferior), resulting in a nine-segment

model for the RV [15]. The LV was assessed using the 17

segments model according to the American Heart Associa-

tion recommendation [25]. The fatty infiltration and LGE

were assessed in each segment using the following scale:

0 = none and 1 = presence. Global and regional wall

motion abnormalities (akinesia, dyskinesia, or dyssynchro-

nous contraction) of the RV were subjectively evaluated.

Localized aneurysms of the RV were defined as akinetic

regions showing bulging in diastole and systole. All quali-

tative assessments were performed by three observers who

had no knowledge of clinical information. If there was a

discrepancy, the majority opinion was used.

Statistical analysis

All values are given as mean ± SD or number (percent).

Categorical variables were compared by the Chi square test

or Fisher’s exact test. Comparisons in continuous variables

were performed by t test. The inter-observer agreements for

qualitative and quantitative assessments were measured

with the Kendall’s W test and intra-class correlation coef-

ficient (ICC), respectively. Multivariate regression analysis

was used to determine associations between syncope and

CMR parameters. The confidence interval (CI) estimated

for odds ratios (OR) was calculated with 95 % probability

levels. A two tailed P value of \0.05 was considered sta-

tistically significant. The statistical analysis was performed

using SPSS for Windows 16.0 (Chicago, IL, USA).

Results

Patient baseline characteristics

The study population consisted of 80 patients, 14–68 years

(mean ± SD, 38.2 ± 15.1 years) of age, 56 (70 %) of

whom were male. The diagnostic details of revised TFC

are summarized in Table 1. All subjects had recorded

ventricular arrhythmias. There were 56 (70 %) subjects

with a sustained or nonsustained VT. Premature ventricular

complexes were identified in 24 (30 %) patients. Ten

(13 %) patients had family history with conformed ARVC

or sudden death with suspected ARVC in a first-degree

relative (\35 years of age). Four (5 %) patients underwent

heart transplantation, and final diagnoses were proven by

surgical pathology specimens (Fig. 1). In 46 patients with

ARVC undergoing coronary angiography or coronary

computed tomography angiography, coronary artery dis-

ease was excluded. The comparisons of demographic and

clinical characteristics between two groups are shown in

Table 2. There were no significant differences in sex, age,

clinical presentation, heart failure symptoms, NYHA class,

occurrence of VT, and family history between patients with

syncope and patients without syncope.

Table 1 Diagnostic criteria of patients

Variable Values [n (%)]

Global or regional dysfunction and structural alterations (CMR)

Major (RVEF) 52 (65.0)

Major (RVEDVI) 40 (50.0)

Minor (RVEF) 15 (18.8)

Minor (RVEDVI) 11 (13.8)

Tissue characterization of wall

Major 4 (5.0)

Minor 0

Repolarization abnormalities

Major 57 (71.5)

Minor 12 (15.0)

Depolarization/conduction abnormalities

Major 15 (18.8)

Minor 17 (21.3)

Arrhythmias

Major 54 (67.5)

Minor 20 (25.0)

Family history

Major 3 (3.8)

Minor 7 (8.8)

CMR cardiovascular magnetic resonance, RVEF right ventricular

ejective fraction, RVEDVI right ventricular end-diastolic volume

index
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CMR characteristics

Global and regional wall motion abnormality were found in

47 (59 %) and 24 (30 %) patients, respectively. The RV

fatty infiltration and LGE were detected in 33 (41 %) and 24

(30 %) patients, respectively (Fig. 2). The LV involvement

was identified in 22 (28 %) patients, and fatty infiltration

and LGE were present in 7 (9 %) and 6 (8 %) patients,

respectively. Comparative results of CMR parameters

between two groups are independently shown in Table 3.

Compared with patients without syncope, patients with

syncope had significantly larger LVEDVI (mean ± SD,

79.6 ± 23.0 vs. 69.0 ± 17.9 mL/m2, P = 0.030), RVEDVI

(mean ± SD, 122.0 ± 30.0 vs. 107.4 ± 21.8 mL/m2,

P = 0.017) (Fig. 3). There was a higher LGE incidence

(52.2 vs. 21.1 %, P = 0.006) in patients with syncope than

in patients without syncope. There were no differences

between patients with syncope and without syncope in fatty

infiltration, LVEF, RVEF, LVESVI, and RVESVI (Fig. 3).

Subgroup analyses were further performed in patients with

fatty infiltration and with LGE, respectively. No statistical

significances were reached in number of segments with fatty

infiltration (8.9 ± 5.3 vs. 5.6 ± 3.1, P = 0.094) and with

LGE (8.6 ± 4.2 vs. 6.6 ± 3.1, P = 0.199) between patients

with syncope and without syncope.

Inter-observer variability

Kendall’s coefficient of concordance showed that there

were excellent inter-observer agreements on the qualitative

assessment for fatty infiltration (Kendall’s W = 0.91),

LGE (Kendall’s W = 0.89,), and wall motion abnormality

(Kendall’s W = 0.92, P \ 0.001 for all). There were

excellent correlations for LVEF (ICC = 0.92), LVEDVI

(ICC = 0.94), RVEF (ICC = 0.82), and RVEDVI

(ICC = 0.93, P \ 0.001 for all) between two observers.

Multivariate analysis

Multivariate regression analysis revealed that the presence

of LGE (OR 8.827, 95 % CI 1.945–40.068, P = 0.005)

was the only CMR parameter that remained statistically

significant with respect to syncope in patients with ARVC.

Discussion

The clinical and CMR features of ARVC in present study

were consistent with the results of prior studies [3, 13–15].

Family history of ARVC or sudden death (\35 years of

age) was observed in 10 (13 %) patients in our series and

lower than that of previous reports [26, 27]. This likely

represents an underestimate of true prevalence of familial

pattern because systematic screening of all family members

was not performed. Similar to what were previously

Fig. 1 The hematoxylin-eosin staining of explanted heart tissue show fibrofatty replacement of myocardium in the right ventricular free wall

(a) and left ventricular anterior wall (b) in a 15-year-old girl

Table 2 Comparison of clinical characteristics

Variable Syncope

(n = 23)

Non-syncope

(n = 57)

P value

Males [n (%)] 16 (69.6) 40 (70.2) 0.957

Age years 38.3 ± 14.9 38.1 ± 16.0 0.955

Palpitations [n (%)] 18 (78.3) 47 (82.5) 0.754

Fatigue [n (%)] 18 (78.3) 32 (56.1) 0.064

Chest tightness [n (%)] 12 (52.2) 28 (49.1) 0.805

NYHA functional class 2.1 ± 0.9 2.0 ± 0.8 0.386

Smoking [n (%)] 5 (21.7) 6 (10.5) 0.280

Hypertension [n (%)] 2 (8.7) 1 (1.8) 0.197

Ventricular

tachycardia [n (%)]

17 (73.9) 39 (68.4) 0.628

Family history [n (%)]a 4 (17.4) 6 (10.5) 0.462

NYHA New York Heart association
a Including a first-degree relative with conformed arrhythmogenic

right ventricular cardiomyopathy ARVC on the basis of revised TFC

and/or premature sudden death (\35 years of age) with suspected

ARVC in a first-degree relative
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observed [4, 28], 22 (28 %) patients had of LV involve-

ment in the present study. Although ARVC is an inherited

disease of the heart muscle involving the RV, there is now

clinical and pathological evidence that the LV may be

progressively affected thus resulting in a biventricular

failure.

Cardiovascular magnetic resonance is used as a part of

the cardiac workup for ARVC and can be used to accu-

rately identify the distribution of fibrofatty patterns, and

this finding can precede functional abnormalities, poten-

tially allowing for better detection of disease at an early

stage than with the TFC [11–18, 29]. The study by te Riele

et al. [30] showed recently that patients with electrical

abnormalities on the basis of ECG and Holter assessment

were significantly more likely to have higher RV volumes

on CMR. Similar to their study, LVEDVI and RVEDVI

were significantly higher in patients with syncope than in

patients without syncope. This significant difference would

be due to more severe disease states in patients with

syncope.

The results of the current study showed the presence of

LGE is independently related with syncope in patients with

ARVC. Previous studies have shown that LGE CMR can

reliably detect fibrotic substrate and predict VT in both

ischemic and non-ischemic cardiomyopathies. The utility

of LGE CMR has also been demonstrated as a diagnostic

and prognostic tool in patients with ARVC [14–16]. Tandri

et al. [15] reported LGE of the RV was observed in 67 % of

patients with ARVC and correlated with inducibility of

sustained monomorphic VT at electrophysiological study

and demonstration of fibrofatty myocardial changes at

endomyocardial biopsy. The authors concluded that LGE

CMR may have a role in patients with ARVC as a non-

invasive diagnostic test with added prognostic value. The

extent of LGE is correlated with risk factors of SCD and

the likelihood of inducible VT in hypertrophic and

Fig. 2 The short- (a) and long-

axis (b) images display LGE at

the RV free wall, and

electrocardiogram (c) shows

inverted T waves in right

precordial leads (V1, V2, and

V3) and premature ventricular

contraction with superior axis in

a 34-year-old man
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idiopathic dilated cardiomyopathies [19–23]. However, it’s

worth noting that subgroup analysis of patients with LGE

showed no difference in number of segments with LGE

between patients with syncope and without syncope, which

may be mainly attributable to a statistical bias of the

insufficient sample in this study.

Syncope has often been regarded as surrogate for

aborted sudden arrhythmic death in ARVC and an indica-

tion for intervention [9, 10]. Although a cause and effect

relation is unproved, it is certainly plausible that ARVC

patients with an underlying electrical instability from fib-

rofatty infiltration would be at increased risk. Since syn-

cope may present in patients with ARVC at young age, and

since the risk period for sudden arrhythmic death may be

long, decision-making in patients with ARVC may be

difficult, and have lifelong implications [4–6, 9]. Up to now

there are no clear-cut guidelines to select the best man-

agement approach in patients with ARVC. There is no

curative treatment for patients with ARVC, instead, the aim

is to detect patients at high risk and prevent complications.

Our study identifies the presence of LGE is associated with

present of syncope in patients with ARVC; however,

whether patients with ARVC may benefit from the identi-

fication of LGE is unknown, and larger studies with com-

plete follow-up data are needed to test whether the present

the LGE is valuable to assess the individual risk profile or

can help identify high-risk patients with ARVC.

Study limitations

There are several limitations of the current study. Firstly,

the major limitation is the lack of follow-up data from the

study population. The presence of LGE for prediction of

syncope needs further investigation in patients with ARVC.

Secondly, there was a potential for selection and referral

bias in our patient population, given most patients who had

clinically overt disease at a tertiary care center that might

not reflect the referral patterns of the community at large.

Thirdly, the fatty and LGE size and surface area were not

accurately measured because of the thinness of the RV

wall.

Conclusions

Cardiovascular magnetic resonance is helpful in detection

and management of the patients with ARVC. Patients with

syncope had significantly higher LVEDVI, RVEDVI and

LGE incidence, and larger studies with follow-up data are

needed to elucidate the relationship between LGE and

syncope in patients with ARVC.
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