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Background
Patients with Ebstein’s anomaly are at risk of tachyar-
rhythmia, congestive heart failure and sudden cardiac
death. There are few data regarding the value of modern
non-invasive diagnostic testing in prediction of out-
comes. Therefore, we aimed to evaluate cardiovascular
magnetic resonance (CMR) and compare it to known
predictors in Ebstein’s anomaly.

Methods
Seventy-nine consecutive adult patients (aged 37±15
years) with unrepaired Ebstein’s anomaly underwent
CMR and were followed prospectively for a mean of 3.5
±2.6years.The major adverse cardiovascular events were
defined as sustained ventricular tachycardia(VT)/heart
failure hospital admission/transplantation or death. Sub-
group analysis of first-onset atrial tachyarrhythmia (AT)
was performed.

Results
Univariate predictors of the major adverse cardiovascu-
lar events (n=6 patients; 3 death, 3 VT) were New York
Heart Association class >2 (Hazard ration (HR 7.66[95%
CI 1.535-38.204],p=0.013), left ventricular (LV) ejection
fraction (HR) 0.43[95%CI 0.245-0.742],p=0.003/5%), LV
stroke volume (HR 0.69[95%CI 0.515-0.923],p=0.013/
5mL) and right ventricular (RV) ejection fraction (HR
0.49[95%CI 0.276-0.856],p=0.012/5%); all remained sig-
nificant even when tested solely for mortality. In all but
one patient VT/death was preceded by AT and AT was
predictive of major adverse cardiovascular events (HR

11.16[95%CI 1.299-95.813],p=0.028), emphasizing its
role as an early marker of long-term adverse events.
Freedom from first-onset AT (n=17 patients, 21.5%)
declined during the follow-up. Univariate predictors for
first-onset AT included RV ejection fraction (HR 0.65
[95%CI 0.463-0.907],p=0.011/5%)], RV/LV end diastolic
volume ratio (HR 1.65[95%CI 1.207-2.258],p=0.002) and
apical tricuspid septal leaflet displacement indexed to
LV length (HR 1.03[95%CI 1.002-1.068],p=0.040); when
used together as a score, risk prediction was further
enhanced (HR 4.84[95%CI 1.615-14.522],p=0.005).

Conclusions
Ventricular functional impairment by CMR was highly
predictive of mortality and VT in a large contemporary
cohort of unrepaired adult patients with Ebstein’s anom-
aly supporting the potential of CMR in risk stratification
and clinical follow up. Furthermore, VT and death were
preceded in almost all patients by presentation of AT
suggesting that AT predicts long term adverse events
early on in the disease progression. Onset of AT was
best predicted by routinely measured CMR parameters
feasible for clinical approach.

Funding
Riikka Rydman was supported by the Swedish Society of
Medicine, Swedish Heart-Lung Foundation and Swedish
Society for Medical Research and by the Section of Clin-
ical Physiology, Department of Molecular Medicine and
Surgery, at Karolinska Institutet, Stockholm, Sweden.
Sonya V. Babu-Narayan is supported by an Intermediate
Clinical Research Fellowship from the British Heart
Foundation (FS/11/38/28864). This project was sup-
ported by the National Institute for Health Research

2NIHR Cardiovascular Biomedical Research Unit, Royal Brompton, London, UK
Full list of author information is available at the end of the article

Rydman et al. Journal of Cardiovascular Magnetic
Resonance 2015, 17(Suppl 1):Q76
http://www.jcmr-online.com/content/17/S1/Q76

© 2015 Rydman et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Springer - Publisher Connector

https://core.ac.uk/display/81594468?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


(NIHR) Cardiovascular Biomedical Research Unit of
Royal Brompton and Harefield National Health Service
(NHS) Foundation Trust and Imperial College London.
This report is independent research by the NIHR Bio-
medical Research Unit Funding Scheme. The views
expressed in this publication are those of the author(s)
and not necessarily those of the NHS, the National
Institute for Health Research or the Department of
Health.

Authors’ details
1Clinical Physiology, Molecular medicine and surgery, Karolinska Institute,
Stockholm, Sweden. 2NIHR Cardiovascular Biomedical Research Unit, Royal
Brompton, London, UK. 3Cardiovascular centre, St Luke’s International
Hospital, Tokyo, Japan. 4Imperial College London, National Heart and Lung
Institute, London, UK.

Published: 3 February 2015

doi:10.1186/1532-429X-17-S1-Q76
Cite this article as: Rydman et al.: Predicting atrial tachycardia and
major cardiovascular events in adults with unrepaired Ebstein’s
anomaly of the tricuspid valve. Journal of Cardiovascular Magnetic
Resonance 2015 17(Suppl 1):Q76.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rydman et al. Journal of Cardiovascular Magnetic
Resonance 2015, 17(Suppl 1):Q76
http://www.jcmr-online.com/content/17/S1/Q76

Page 2 of 2


	Background
	Methods
	Results
	Conclusions
	Funding
	Authors’ details



