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Abstract

Background: For the primary prevention of sudden cardiac death, guidelines provide left ventricular ejection
fraction (EF) criteria for implantable cardioverter defibrillator (ICD) placement without specifying the technique by
which it should be measured. We sought to investigate the potential impact of performing cardiovascular magnetic
resonance (CMR) for EF on ICD eligibility.

Methods: The study population consisted of patients being considered for ICD implantation who were referred for
EF assessment by CMR. Patients who underwent CMR within 30 days of echocardiography were included.
Echocardiographic EF was determined by Simpson’s biplane method and CMR EF was measured by Simpson’s
summation of discs method.

Results: Fifty-two patients (age 62±15 years, 81% male) had a mean EF of 38 ± 14% by echocardiography and
35 ± 14% by CMR. CMR had greater reproducibility than echocardiography for both intra-observer (ICC, 0.98 vs 0.94)
and inter-observer comparisons (ICC 0.99 vs 0.93). The limits of agreement comparing CMR and echocardiographic
EF were – 16 to +10 percentage points. CMR resulted in 11 of 52 (21%) and 5 of 52 (10%) of patients being
reclassified regarding ICD eligibility at the EF thresholds of 35 and 30% respectively. Among patients with an
echocardiographic EF of between 25 and 40%, 9 of 22 (41%) were reclassified by CMR at either the 35 or 30%
threshold. Echocardiography identified only 1 of the 6 patients with left ventricular thrombus noted incidentally
on CMR.

Conclusions: CMR resulted in 21% of patients being reclassified regarding ICD eligibility when strict EF criteria were
used. In addition, CMR detected unexpected left ventricular thrombus in almost 10% of patients. Our findings
suggest that the use of CMR for EF assessment may have a substantial impact on management in patients being
considered for ICD implantation.
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Background
Implantable cardioverter defibrillator (ICD) placement
has been shown to reduce the risk of sudden cardiac
death in patients with severe left ventricular dysfunc-
tion [1-3]. Guidelines recommend ICD implantation for
primary prevention in patients with left ventricular
ejection fraction (EF) below 30% or 35% depending on
etiology and symptoms [1-3]. EF is the best validated
of the predictors of sudden death and is the main vari-
able used in clinical practice to make treatment deci-
sions about ICD eligibility. While specific EF criteria
are suggested, the technique by which EF should be
measured is not specified in the guidelines [1-3]. In
clinical practice, echocardiography is the modality most
commonly used to assess left ventricular function and
was one of several modalities used in trials establishing
the efficacy of ICD therapy [4-6]. However, cardiovas-
cular magnetic resonance (CMR) is now considered
the gold standard for EF measurement and is known
to have greater reproducibility than echocardiography
[7-9]. When strict EF thresholds are used for primary pre-
vention ICD placement, it is unknown whether differences
between modalities would alter clinical decisions. We
sought to investigate the potential clinical impact of
performing CMR for EF in patients being evaluated
for ICD therapy.

Methods
The study population consisted of patients being consid-
ered for ICD implantation at two academic medical cen-
tres between March 20, 2007 and Nov 19, 2010. Patients
referred for CMR with the indications of both “ICD” and
“EF” assessment were identified from a database. All
patients who had undergone CMR within 30 days of
echocardiography were included in the study. No
patients were excluded based on image quality, to reflect
a “real world” population of patients. Two patients were
in atrial fibrillation, and both were well rate-controlled
resulting in satisfactory image quality for both echocar-
diographic and CMR examinations. Patients undergoing
coronary revascularization or cardiac resynchronization
therapy between echocardiography and CMR examina-
tions were excluded. Clinical records were reviewed to
identify risk factors and co-morbid clinical conditions.
Ischemic heart disease was determined to be the cause
of left ventricular dysfunction based on a history of myo-
cardial infarction, coronary revascularisation or a sten-
osis of greater than 70% severity in at least one major
epicardial coronary artery. Approval was obtained from
the institutional research ethics boards.

Echocardiography
A commercially available clinical system (IE 33, Philips
Healthcare Canada) was used to perform standard clin-
ical two-dimensional echocardiography. All studies
included focused imaging of the left ventricle in the ap-
ical two and four chamber views for EF assessment.
Echocardiographic studies were read by expert obser-

vers (H.L.P., M.H.) on commercially available software
(Xcelera, Philips Healthcare Canada). Observers per-
formed their analyses independent of one another and
were blinded to CMR results. All studies were read a
second time in random order after a 4 week interval. EF
was measured by Simpson’s biplane method by manual
tracing of endocardial borders on apical 2 and 4 cham-
ber images according to American Society of Echocardi-
ography Guidelines [10]. A qualitative assessment was
also made regarding the pattern of left ventricular dys-
function; marked variability in function from one seg-
ment to another suggestive of an ischemic cause was
considered a regional pattern, while a uniform pattern of
left ventricular dysfunction was deemed global. The
presence or absence of thrombus was assessed using all
images available in the echocardiographic study. Echo-
cardiographic contrast agent for left ventricular opacifi-
cation was not used.

Cardiovascular Magnetic Resonance (CMR)
CMR was performed on one of two commercially avail-
able 1.5 Telsa field strength systems (Achieva, Philips
Medical Systems, Best, Netherlands and Signa Excite,
GE Medical Systems Milwaukee, WI). A standard clin-
ical CMR was performed including a segmented k-space
cine steady state free precession (SSFP) series in a left
ventricular short axis orientation. Slice thickness was 8 mm
with no gap and the in-plane resolution was approxi-
mately 1.6 x 1.6 mm. There were 20 – 25 phases per
cardiac cycle resulting in a temporal resolution of <50
ms. Late gadolinium enhancement images were acquired
approximately 10 minutes after intravenous adminis-
tration of 0.1-0.2 mmol/kg of gadolinium (gadobutrol
or gadopentate dimeglumine) with the inversion time
adjusted to optimally null the normal myocardium [11].
CMR images were analyzed by experienced readers

(L.J., S.J.), blinded to the other’s results, on a single
commercially available platform (CMR42, Circle Car-
diovascular Imaging, Calgary, Canada). EF was mea-
sured by manual planimetry of the left ventricular
endocardium in short axis cine images at end-systole
and end-diastole. End-diastolic and end-systolic phases
were chosen independently by each observer based on
maximum and minimum volume, with multiple phases
contoured in case of doubt. At the basal slice, the ven-
tricular cavity was differentiated from the atrium by
the presence of ventricular myocardium and was con-
firmed on a co-registered long-axis image. Papillary
muscles were excluded from the left ventricular mass,
that is, they were ignored and included in the left ven-
tricular cavity volume. Both cine SSFP and late



Table 1 Characteristics of Study Population

n = 52

Age (years) ± SD 62 ± 15

Male Gender 42 (81%)

Ischemic Heart Disease 20 (38%)

Hypertension 21 (40%)

Diabetes mellitus 13 (25%)

Dyslipidemia 37 (78%)

EF by CMR 35 ± 14%

EF by echocardiography 38 ± 14%

LV end-diastolic volume by echocardiography (mL) 165 ± 83

LV end-systolic volume by echocardiography (mL) 111 ± 75

LV end-diastolic volume by CMR (mL) 238 ± 98

LV end-systolic volume by CMR (mL) 166 ± 97

Interval between echocardiography and CMR 3 days (IQR 1 – 9)
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gadolinium enhancement images were used to assess
for left ventricular thrombus. The diagnosis of
thrombus was made based upon the identification of
low signal intensity filling defects within the left ven-
tricular cavity adjacent to myocardium with severely
impaired function [12,13]. Thrombus was distinguished
from microvascular obstruction related to infarction by
its location within the left ventricular cavity (as
opposed to the myocardium) and its stability of size on
consecutive late enhancement images [14]. In case of
disagreement another expert reader independently adju-
dicated the results (K.C., A.Y.).
Statistical analysis
Statistical analyses were performed on Stata version 10
(Statacorp, College Station, Texas, USA) and MedCalc
version 11.6.1.0 (MedCalc Software, Mariakerke, Bel-
gium). Continuous variables were expressed as means
and standard deviations, or medians and inter-quartile
ranges (IQR) for data that were not normally distributed.
Figure 1 Bland Altman plots for interobserver variability. a, Echocardio
Resonance Ejection Fraction (CMR EF), with limits of agreement.
Methods of EF assessment were compared using Bland-
Altman analysis, Student’s paired t-test and Pearson’s
correlation coefficient. Reproducibility was also assessed
using the intra-class correlation coefficient (ICC). The
Kappa statistic was used to assess agreement between
echocardiography and CMR classification, and logistic
regression was used to determine univariate predictors
of misclassification. A p value of 0.05 was regarded as
statistically significant.

Results
Fifty-two (52) patients were identified. The mean age
was 62 +/− 15 years and 42 (81%) were male. There was
a median of 3 days (interquartile range 1–9) between
echocardiographic and CMR studies. (Table 1) CMR was
found to have greater reproducibility than echocardiog-
raphy for both intra-observer (ICC 0.98 vs 0.94) and
inter-observer comparisons (ICC 0.99 vs 0.93). The lim-
its of agreement were also substantially narrower for
CMR as compared with echocardiography (Figure 1)
(Table 2). Using CMR as the reference standard, echo-
cardiography was found to systematically overestimate
EF by an average of 3 percentage points (37.5% vs 34.4%,
p = 0.001). More importantly, the random error between
echocardiography and CMR was substantial, as evi-
denced as by the limits of agreement (−15.5, 9.5) when
comparing techniques (Figure 2). There was no relation-
ship between the time interval between echocardiog-
raphy and CMR and the absolute difference in EF
between the two techniques (r = −0.03, p = 0.85).
At the EF threshold of 35%, CMR reclassified 11 of

52 (21%) of patients with respect to eligibility for ICD.
In 10 of the 11 instances of reclassification, CMR
found the EF to be below 35% making the patient po-
tentially ICD-eligible (Table 3). At the EF threshold of
30%, CMR reclassified 5 patients (9.6%) and in all 5
instances determined the patient was ICD-eligible when
echocardiography suggested otherwise (Table 4). When
the echocardiographic EF was between 25 – 40%, 9 of
graphic Ejection Fraction (Echo EF) and b, Cardiac Magnetic



Table 2 Reproducibility of CMR and Echocardiographic EF

CMR Echocardiography

Intraobserver Interobserver Intraobserver Interobserver

ICC (95% CI) 0.98 (0.96 – 0.99) 0.99 (0.98 – 0.99) 0.94 (0.90 – 0.97) 0.93 (0.88 – 0.96)

Pearson’s Correlation Coefficient 0.98 0.98 0.90 0.90

Bland-Altman Bias 1.63 −1.1 1.8 −1.7

Limits of Agreement −5.3, 8.5 −7.0, 4.7 −10.6, 14.3 −13.7, 10.3
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22 (41%) of patients were reclassified at either the 30
or 35% EF threshold. On univariate analysis, the only
significant predictor of reclassification was an echocar-
diographic EF within 5 percentage points of the com-
monly used thresholds (Table 5).
Left ventricular thrombus was identified in one patient

by echocardiography and in five additional patients by
CMR. The prevalence of unexpected left ventricular
thrombus identified by CMR was therefore 9.6%
(Figure 3).

Discussion
Patient selection for ICD implantation is one of the few
clinical scenarios in which a precise EF threshold is used.
In this study, we found that up to 21% of patients would
have been reclassified by CMR regarding ICD eligibility
based on EF criteria. Moreover, in those with an echo-
cardiographic EF within 5 percentage points of the com-
monly used thresholds of 30 or 35%, CMR reclassified
41% of patients, and usually in favour of ICD implant-
ation. Given the clinical importance of ICDs and their
expense, the potential impact of CMR in this patient
group is substantial.
Several studies have examined EF derived from differ-

ent imaging modalities in patients being considered for
ICD implantation [15-19]. Radionucleotide ventriculo-
graphy, although not used in this study, is a modality
frequently used in patients being considered for ICD im-
plantation [17]. When available however, CMR remains
the technique of choice, not only because of it’s greater
reproducibility, but because it spares the patient
Figure 2 Comparison of CMR and echocardiographic Ejection Fraction
significant radiation exposure and may provide other
useful information in heart failure patients [20].
Our findings regarding CMR and echocardiographic

EF are in keeping with prior research. CMR has been
shown to have less intra and inter-observer variability
than echocardiography, and its higher inter-study re-
producibility makes it the modality of choice for
detecting changes in EF over time [7,9]. The systematic
bias between CMR and echocardiographic EF has been
variable in published research. [7-9,21,22]. This discrep-
ancy most likely reflects differences in local practice
regarding echocardiographic EF measurement and dif-
ferent conventions for CMR EF quantification. For ex-
ample, in this study papillary muscles were excluded
from the left ventricular mass by CMR, a convention
that leads to a lower CMR ejection fraction than when
papillary muscles are traced and included in the left
ventricular myocardial mass [23,24]. On echocardiog-
raphy, papillary muscles are excluded from the left ven-
tricular mass when measuring Simpson’s biplane EF
and therefore the same methodology - the standard in
the participating institutions - was employed for CMR.
The systematic bias between echocardiographic and
CMR EF in this study is however eclipsed by the large
random error when comparing techniques. Potential
sources of discrepancy between echocardiography and
CMR EF were examined in our cohort of patients
(Table 5). Although Simpson’s biplane method has lim-
itations in geometrically distorted ventricles, neither a
regional pattern of left ventricular dysfunction nor is-
chemic etiology were predictors of reclassification for
. a, Bland-Altman plot and b, Scatterplot.



Table 3 ICD Eligibility at EF 35% Threshold

Echocardiographic EF

> = 35% < 35%

CMR EF >= 35% 21 1

< 35% 10 20

Kappa = 0.59.

Table 5 Predictors of Reclassification of ICD Eligibility by
CMR

Variable Odds Ratio p value

Days between
echocardiography and CMR

0.94 (0.84 – 1.09) 0.30

History of Ischemic Heart Disease 0.64 (0.17 – 2.39) 0.51

Left bundle branch block
on electrocardiogram

1.15 (0.26 – 5.16) 0.86

Apical Aneurysm
(echocardiography)

0.26 (0.03 – 2.31) 0.23

Regional pattern of
left ventricular dysfunction

1.17 (0.32 – 4.26) 0.82

Echocardiographic EF 25 – 40% 6.23 (1.44 – 26.95) 0.01
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ICD eligibility by CMR. Similarly, the presence of left
bundle branch block, as a surrogate for dyssynchrony,
was not found to a predictor. While our study was
underpowered for this purpose, it is likely that the in-
fluence of any of these factors would be overshadowed
by the proximity of the echocardiographic EF to the
ICD eligibility threshold. That is, regardless of other
characteristics, patients with echocardiographic EFs
close to 30 or 35% are the ones most likely to fall on
the other side of the threshold after CMR.
In our cohort of 52 patients, standard 2-dimensional

echocardiography identified only 1 of the 6 patients
with left ventricular thrombi seen on CMR. These find-
ings are in keeping with the known low sensitivity of
echocardiography for left ventricular thrombus detec-
tion [13]. Use of echocardiographic contrast agent is
known to improve the sensitivity of echocardiography,
although layered mural thrombi would be difficult to
detect even with contrast [14]. In a general heart fail-
ure population, the identification of left ventricular
thrombus may not necessarily alter management be-
cause the risk of clinical embolization is thought to be
low [25]. However, left ventricular thrombus may be of
greater clinical importance in ICD patients as defibrilla-
tion threshold testing would generally be avoided [26].
Few patients underwent defibrillator threshold testing
in this cohort of patients and there were no thrombo-
embolic sequelae making the true clinical impact of
identifying thrombus unclear.
The clinical implication of this study is that the

technique used to measure EF in patients being con-
sidered for ICD therapy is relevant and may alter man-
agement. It is not known whether the use of CMR
will lead to improved clinical outcomes as CMR was
not used in the initial clinical trials of ICD therapy.
Nevertheless, the expense associated with ICD implant-
ation makes precise EF measurement for patient selec-
tion desirable [16]. Previous research has suggested
Table 4 ICD Eligibility at EF 30% Threshold

Echocardiographic EF

> = 30% < 30%

CMR EF >= 30% 32 0

< 30% 5 15

Kappa = 0.79.
that if the echocardiographic EF is < 20%, no further
testing for EF is necessary, and our findings would
support this conclusion [17].
There are several limitations to this study. Import-

antly, this study assessed the potential rather than ac-
tual clinical impact of CMR. Echocardiographic reports
did not always quote a specific ejection fraction or
grade of left ventricular dysfunction that would allow
classification regarding ICD eligibility. Therefore, all
echocardiograms were re-read, as were the CMR stud-
ies, to obtain reproducibility data and verify the robust-
ness of the CMR ejection fraction measurements. A
similar proportion of patients were reclassified by CMR
when the original clinical CMR EF data were used. The
true clinical impact of CMR was difficult to ascertain due
to the variability in practice between treating physicians
and other factors, such as ICD implantation being guided
by a nuclear medicine EF despite CMR results. With
regard to thrombus detection, as there were no thrombo-
embolic sequalae and no repeat CMR scans (due partly
to ICD implantation) we do not have other supporting
evidence that the findings noted on CMR were indeed
Figure 3 Gadolinium enhanced CMR viability image. a. Left
ventricular short axis mid-papillary orientation b. Apical 4 chamber
orientation. Mural thrombus with low signal intensity (arrow)
adjacent to blood pool and myocardial scar.
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thrombus. CMR is however considered highly accurate
for thrombus detection and the chronic nature of the left
ventricular dysfunction in this study makes the main dif-
ferential diagnosis, microvascular obstruction, unlikely
[12,13]. The findings of this study also may not be
generalizable to other centers given the variability in
echocardiographic, and to a less extent CMR, measure-
ment techniques. Neither contrast nor 3-dimensional
echocardiography were used, both of which have been
shown to increase the accuracy of EF assessment
[21,22,27,28]. Finally, as mentioned earlier, the lack of
outcome data leaves unanswered the question of whether
EF measurement by echocardiography or CMR has
greater prognostic significance.

Conclusion
In this cohort of patients being considered for ICD im-
plantation, CMR was substantially more reproducible
than echocardiography for EF and the agreement be-
tween techniques was only modest. Using strict EF cri-
teria, CMR would have resulted in almost 21% of
patients being reclassified regarding ICD eligibility, with
41% being reclassified if the echocardiographic EF was
between 25 and 40%. Left ventricular thrombus was also
uncovered by CMR in almost 10% of patients. CMR may
alter management in a substantial proportion of poten-
tial ICD candidates and should be strongly considered in
this patient group. Further trials of ICD therapy guided
by CMR findings are awaited.

Competing interests
The authors have no competing interests with regard to this manuscript.

Authors’ contributions
Original study idea: SBJ; Original Design: SBJ, HLP, AAH, ATY, KAC;
Refinement of Design: AK, AMC, GAW; Reporting studies: SBJ, HLP, LJJ, MH,
ATY, KAC; Data Analysis: SBJ, ATY; Manuscript preparation: SBJ, HLP, ATY, KAC,
AMC, PD, IM; Referring clinicians: PD, IM, AAH. All authors contributed to
drafting and reviewing the manuscript, in addition to approving the final
manuscript.

This study received no external funding.

Acknowledgments
The authors wish to thank Jerome Liu, Dr Yuesong Yang, and Dr Sean
McSweeney for their assistance in retrieving study data.

Author details
1Keenan Research Centre at the Li Ka Shing Knowledge Institute, Division of
Cardiology, St Michael’s Hospital, University of Toronto, 30 Bond St, Toronto,
ON M5B 1W8, Canada. 2Department of Medical Imaging, University Health
Network, University of Toronto, Toronto, Canada. 3Division of Cardiology,
Schulich Heart Program, Sunnybrook Health Sciences Centre, Toronto,
Canada. 4Department of Medical Imaging, St Michael’s Hospital, University of
Toronto, Toronto, Canada. 5Division of Cardiology, University Health Network,
University of Toronto, Toronto, Canada. 6Department of Medical Biophysics,
University of Toronto and Schulich Heart Program, Sunnybrook Health
Sciences Centre, Toronto, Canada.

Received: 1 April 2012 Accepted: 27 September 2012
Published: 8 October 2012
References
1. Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer M,

Gregoratos G, Klein G, Moss AJ, Myerburg RJ, et al.: ACC/AHA/ESC 2006
Guidelines for Management of Patients With Ventricular Arrhythmias
and the Prevention of Sudden Cardiac Death: a report of the American
College of Cardiology/American Heart Association Task Force and the
European Society of Cardiology Committee for Practice Guidelines
(writing committee to develop Guidelines for Management of Patients
With Ventricular Arrhythmias and the Prevention of Sudden Cardiac
Death): developed in collaboration with the European Heart Rhythm
Association and the Heart Rhythm Society. Circulation 2006,
114:e385–e484.

2. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA 3rd, Freedman RA, Gettes
LS, Gillinov AM, Gregoratos G, Hammill SC, Hayes DL, et al.: ACC/AHA/HRS
2008 Guidelines for Device-Based Therapy of Cardiac Rhythm
Abnormalities: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee
to Revise the ACC/AHA/NASPE 2002 Guideline Update for Implantation
of Cardiac Pacemakers and Antiarrhythmia Devices): developed in
collaboration with the American Association for Thoracic Surgery and
Society of Thoracic Surgeons. Circulation 2008, 117:e350–e408.

3. Howlett JG, McKelvie RS, Arnold JM, Costigan J, Dorian P, Ducharme A,
Estrella-Holder E, Ezekowitz JA, Giannetti N, Haddad H, et al.: Canadian
Cardiovascular Society Consensus Conference guidelines on heart
failure, update 2009: diagnosis and management of right-sided heart
failure, myocarditis, device therapy and recent important clinical trials.
Can J Cardiol 2009, 25:85–105.

4. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, Daubert JP,
Higgins SL, Brown MW, Andrews ML: Prophylactic implantation of a
defibrillator in patients with myocardial infarction and reduced ejection
fraction. N Engl J Med 2002, 346:877–883.

5. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M,
Troutman C, Anderson J, Johnson G, et al.: Amiodarone or an implantable
cardioverter-defibrillator for congestive heart failure. N Engl J Med 2005,
352:225–237.

6. Hohnloser SH, Kuck KH, Dorian P, Roberts RS, Hampton JR, Hatala R, Fain E,
Gent M, Connolly SJ: Prophylactic use of an implantable cardioverter-
defibrillator after acute myocardial infarction. N Engl J Med 2004,
351:2481–2488.

7. Grothues F, Smith GC, Moon JC, Bellenger NG, Collins P, Klein HU, Pennell
DJ: Comparison of interstudy reproducibility of cardiovascular magnetic
resonance with two-dimensional echocardiography in normal subjects
and in patients with heart failure or left ventricular hypertrophy. Am J
Cardiol 2002, 90:29–34.

8. Hoffmann R, von Bardeleben S, ten Cate F, Borges AC, Kasprzak J, Firschke
C, Lafitte S, Al-Saadi N, Kuntz-Hehner S, Engelhardt M, et al.: Assessment of
systolic left ventricular function: a multi-centre comparison of
cineventriculography, cardiac magnetic resonance imaging, unenhanced
and contrast-enhanced echocardiography. Eur Heart J 2005, 26:607–616.

9. Bellenger NG, Burgess MI, Ray SG, Lahiri A, Coats AJ, Cleland JG, Pennell DJ:
Comparison of left ventricular ejection fraction and volumes in heart
failure by echocardiography, radionuclide ventriculography and
cardiovascular magnetic resonance; are they interchangeable? Eur Heart
J 2000, 21:1387–1396.

10. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, Picard
MH, Roman MJ, Seward J, Shanewise JS, et al.: Recommendations for
chamber quantification: a report from the American Society of
Echocardiography's Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the
European Association of Echocardiography, a branch of the European
Society of Cardiology. J Am Soc Echocardiogr 2005, 18:1440–1463.

11. Connelly KA, Detsky JS, Graham JJ, Paul G, Vijayaragavan R, Dick AJ, Wright
GA: Multicontrast late gadolinium enhancement imaging enables
viability and wall motion assessment in a single acquisition with
reduced scan times. J Magn Reson Imaging 2009, 30:771–777.

12. Mollet NR, Dymarkowski S, Volders W, Wathiong J, Herbots L, Rademakers
FE, Bogaert J: Visualization of ventricular thrombi with contrast-enhanced
magnetic resonance imaging in patients with ischemic heart disease.
Circulation 2002, 106:2873–2876.

13. Srichai MB, Junor C, Rodriguez LL, Stillman AE, Grimm RA, Lieber ML,
Weaver JA, Smedira NG, White RD: Clinical, imaging, and pathological



Joshi et al. Journal of Cardiovascular Magnetic Resonance 2012, 14:69 Page 7 of 7
http://www.jcmr-online.com/content/14/1/69
characteristics of left ventricular thrombus: a comparison of contrast-
enhanced magnetic resonance imaging, transthoracic echocardiography,
and transesophageal echocardiography with surgical or pathological
validation. Am Heart J 2006, 152:75–84.

14. Weinsaft JW, Kim RJ, Ross M, Krauser D, Manoushagian S, LaBounty TM,
Cham MD, Min JK, Healy K, Wang Y, et al.: Contrast-enhanced anatomic
imaging as compared to contrast-enhanced tissue characterization for
detection of left ventricular thrombus. JACC Cardiovasc Imaging 2009,
2:969–979.

15. Gula LJ, Krahn AD, Massel D, Skanes A, Yee R, Klein GJ: External loop
recorders: determinants of diagnostic yield in patients with syncope. Am
Heart J 2004, 147:644–648.

16. Krahn AD, Hoch JS, Rockx MA, Leong-Sit P, Gula LJ, Yee R, Skanes AC, Klein
GJ: Cost of preimplantation cardiac imaging in patients referred for a
primary-prevention implantable cardioverter-defibrillator. Am J Cardiol
2008, 102:588–592.

17. Lane C, Dorian P, Ghosh N, Radina M, O'Donnell S, Thorpe K, Mangat I,
Korley V, Pinter A: Limitations in the current screening practice of
assessing left ventricular ejection fraction for a primary prophylactic
implantable defibrillator in southern Ontario. Can J Cardiol 2010,
26:118–124.

18. Ghosh N, Mangat I, O'Donnell SS, Pinter A, Korley V, Lane C, Dorian P:
Outcomes in heart failure patients referred for consideration of
implantable cardioverter defibrillator for primary prophylaxis of sudden
cardiac death: what are the risks of waiting? Can J Cardiol 2009,
25:e342–e346.

19. Gula LJ, Klein GJ, Hellkamp AS, Massel D, Krahn AD, Skanes AC, Yee R,
Anderson J, Johnson GW, Poole JE, et al.: Ejection fraction assessment and
survival: an analysis of the Sudden Cardiac Death in Heart Failure Trial
(SCD-HeFT). Am Heart J 2008, 156:1196–1200.

20. Ioannidis JP, Trikalinos TA, Danias PG: Electrocardiogram-gated single-
photon emission computed tomography versus cardiac magnetic
resonance imaging for the assessment of left ventricular volumes and
ejection fraction: a meta-analysis. J Am Coll Cardiol 2002, 39:2059–2068.

21. Malm S, Frigstad S, Sagberg E, Larsson H, Skjaerpe T: Accurate and
reproducible measurement of left ventricular volume and ejection
fraction by contrast echocardiography: a comparison with magnetic
resonance imaging. J Am Coll Cardiol 2004, 44:1030–1035.

22. Hundley WG, Kizilbash AM, Afridi I, Franco F, Peshock RM, Grayburn PA:
Administration of an intravenous perfluorocarbon contrast agent
improves echocardiographic determination of left ventricular volumes
and ejection fraction: comparison with cine magnetic resonance
imaging. J Am Coll Cardiol 1998, 32:1426–1432.

23. Sievers B, Kirchberg S, Bakan A, Franken U, Trappe HJ: Impact of papillary
muscles in ventricular volume and ejection fraction assessment by
cardiovascular magnetic resonance. J Cardiovasc Magn Reson 2004, 6:9–16.

24. Weinsaft JW, Cham MD, Janik M, Min JK, Henschke CI, Yankelevitz DF,
Devereux RB: Left ventricular papillary muscles and trabeculae are
significant determinants of cardiac MRI volumetric measurements:
effects on clinical standards in patients with advanced systolic
dysfunction. Int J Cardiol 2008, 126:359–365.

25. Katz SD, Marantz PR, Biasucci L, Jondeau G, Lee K, Brennan C, LeJemtel TH:
Low incidence of stroke in ambulatory patients with heart failure: a
prospective study. Am Heart J 1993, 126:141–146.

26. Swerdlow CD, Russo AM, Degroot PJ: The dilemma of ICD implant testing.
Pacing Clin Electrophysiol 2007, 30:675–700.

27. Krenning BJ, Kirschbaum SW, Soliman OI, Nemes A, van Geuns RJ, Vletter
WB, Veltman CE, Ten Cate FJ, Roelandt JR, Geleijnse ML: Comparison of
contrast agent-enhanced versus non-contrast agent-enhanced real-time
three-dimensional echocardiography for analysis of left ventricular
systolic function. Am J Cardiol 2007, 100:1485–1489.

28. Jenkins C, Moir S, Chan J, Rakhit D, Haluska B, Marwick TH: Left ventricular
volume measurement with echocardiography: a comparison of left
ventricular opacification, three-dimensional echocardiography, or both
with magnetic resonance imaging. Eur Heart J 2009, 30:98–106.

doi:10.1186/1532-429X-14-69
Cite this article as: Joshi et al.: Potential clinical impact of cardiovascular
magnetic resonance assessment of ejection fraction on eligibility for
cardioverter defibrillator implantation. Journal of Cardiovascular Magnetic
Resonance 2012 14:69.
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


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Echocardiography
	Cardiovascular Magnetic Resonance (CMR)
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors&rsquor; contributions
	sectionartnote3
	Acknowledgments
	Author details
	References

