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ABSTRACT
Introduction: The main eligibility criterion for primary prevention implantable 
cardioverter-defibrillator (ICD) therapy, i.e. left ventricular ejection fraction (LVEF), is 
based on large clinical trials using primarily 2-dimensional echocardiography (2DE). 
Presently, cardiac magnetic resonance imaging (MRI) is considered the gold standard 
for LVEF assessment. It has been demonstrated that cardiac MRI assessment results 
in lower LVEFs compared with 2DE. Consequently, cardiac MRI-LVEF assessment may 
lead to more patients eligible for ICD implantation with potential clinical consequences. 
The aim of this study was to evaluate the clinical impact of  cardiac MRI-LVEF versus 
2DE-LVEF assessment for ICD eligibility.

Methods: A total of 149 patients with cardiac MRI-LVEF ≤35% referred for primary 
prevention ICD implantation who underwent both 2DE- and cardiac MRI-LVEF assess-
ment were retrospectively included. 2DE-LVEF was computed by Simpson’s biplane 
method. Cardiac MRI-LVEF was computed after outlining the endocardial contours in 
short-axis cine-images. Appropriate device therapy (ADT) and all-cause mortality were 
evaluated during 2.9 ± 1.7 years follow-up. 

Results: The current study found that cardiac MRI-LVEF was significantly lower compared 
with 2DE-LVEF (23 ± 8% vs. 30 ± 8%, respectively, p<0.001), resulting in 29 (19%) more 
patients eligible for ICD implantation according to current guidelines (LVEF ≤35%). 
Patients with 2DE-LVEF >35% but cardiac MRI-LVEF ≤35% experienced a lower ADT rate 
compared with patients having 2DE-LVEF ≤35% (2.1%/year vs. 10.4%/year, respectively, 
p=0.02)). Application of cardiac MRI-LVEF cut-off of 30% resulted in 119 eligible patients 
experiencing 9.9%/year ADT, comparable with 2DE-LVEF cut-off value of 35%. 

Conclusion: Cardiac MRI-LVEF assessment resulted in more patients eligible for ICD 
implantation compared with 2DE who showed a relatively low event rate during follow-
up. The event rate in patients with cardiac MRI-LVEF ≤30% was comparable with patients 
having a 2DE-LVEF ≤35%. This study suggests the need for re-evaluation of cardiac MRI 
based LVEF cut-off values for ICD eligibility.
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INTRODUCTION
The benefit of implantable cardioverter-defibrillator (ICD) therapy for primary prevention of 
sudden cardiac death in patients with an impaired left ventricular ejection fraction (LVEF) 
was demonstrated in several large randomized trials.1, 2 In these trials two-dimensional 
echocardiography (2DE) is primarily used for LVEF assessment. Consequently, current 
guidelines recommend ICD therapy for primary prevention in patients on optimal 
medical therapy with a LVEF ≤35% who are in New York Heart Association (NYHA) class 
II or III of heart failure or LVEF ≤30% in case of ischemic cardiomyopathy (CMP) and 
NYHA class I.3, 4 As the guidelines do not specify the preferred method to assess LVEF, 
similar LVEF cut-off values for ICD eligibility are used for different imaging modalities.3 
Presently, cardiac magnetic resonance imaging (MRI) is becoming increasingly common 
in clinical practice and is considered the gold standard for LVEF assessment due to its 
high reproducibility and accuracy.5 Previous studies comparing LVEF assessment by 2DE 
and cardiac MRI showed that they are not interchangeable.6-13 Especially in patients 
with impaired LVEF, most studies demonstrate that LVEF values as assessed using 
cardiac MRI are 3-7% lower when compared with LVEF assessed by 2DE, resulting in a 
substantial reclassification of patients with regard to ICD eligibility.7, 10, 11 Consequently, 
cardiac MRI-based LVEF assessment might lead to an increase of patients eligible for 
ICD implantation, which may have important clinical consequences for the benefit of 
primary prevention ICD therapy. A cardiac MRI-specific LVEF cut-off value for eligibility of 
ICD therapy has been suggested7, 11, but follow-up data on the clinical consequences of 
cardiac MRI-based LVEF assessment for the eligibility of primary prevention ICD therapy 
are lacking. The aim of the present study was to determine the clinical consequences of 
LVEF assessment by cardiac MRI compared to 2DE with respect to device eligibility and 
outcome (appropriate device therapy and death).

METHODS
Study population

In this retrospective observational cohort study, patients were included with a cardiac MRI 
assessed LVEF ≤35% who received an ICD for primary prevention of sudden cardiac death 
from January 2005 to December 2012 in VU University Medical Center. Inclusion criteria 
were: (1) ischemic or dilated CMP, (2) assessment of LVEF using both 2DE and cardiac MRI 
within six months prior to ICD implantation, and (3) no reported clinical events between 
2DE-LVEF and cardiac MRI-LVEF assessment. The local Ethics Committee of the VU Univer-
sity Medical Center approved the data collection and management of this study.

Patient characteristics prior to device implantation were collected from medical records: 
demographics, medical history of cardiovascular diseases, implantation indication, device 
type, medication, co-morbidities, NYHA class, QRS duration, and laboratory results. 
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Primary prevention was defined as no history of sustained ventricular tachycardia (VT) or 
ventricular fibrillation (VF) (>48 hours after acute myocardial infarction). Ischemic CMP 
was defined as a history of (1) significant coronary artery disease, (2) myocardial infarction, 
(3) percutaneous coronary intervention, or (4) coronary artery bypass graft surgery.

Cardiac MRI and 2DE image acquisition and analysis

Cardiac MRI studies were performed on a 1.5-Tesla whole body scanner (Magnetom 
Sonata/Avanto, Siemens, Erlangen, Germany) using a dedicated phased-array body 
coil. After survey scans, cine imaging was performed using a retrospectively ECG-gated, 
steady-state free precession sequence during breath holds in mild expiration. Typical 
imaging parameters included slice thickness of 5 mm, slice gap 5 mm, temporal resolu-
tion <50 ms, repetition time 3.2 ms, echo time 1.54 ms, flip angle 60° and a typical 
image resolution of 1.3*1.6 mm. Stacks of 10 to 12 consecutive short-axis slices were 
acquired, fully covering the left ventricle. Subsequently, endocardial borders of the left 
ventricle were outlined manually in both end-diastolic and end-systolic phase. Papillary 
muscles were included in the left ventricular (LV) volume. LV volumes and LVEF were 
computed using these analyses. The cardiac MRI assessed LVEF data were extracted 
from clinical reports.

2DE was performed using commercially available ultrasound equipment and images 
were obtained in the standard parasternal long- and short-axis, and apical four- and 
two-chamber views. LV volumes and LVEF were calculated using the Simpson’s biplane 
method after manual tracing of the endocardial borders from the four- and two-
chamber images. Papillary muscles were included in the LV volumes. All measurements 
were performed according the American Society of Echocardiography standards.14 The 
2DE-LVEF data were extracted from clinical reports.

Device programming and follow-up

All patients underwent ICD implantation or ICD combined with cardiac resynchroniza-
tion therapy (CRT). The devices were typically programmed according to the PREPARE 
study with detection rates, depending on the device manufacturer, of > ~180 bpm (VT 
zone) and > ~250 bpm (VF zone), with extended detection intervals and appropriate 
utilization of antitachycardia pacing (ATP) therapy.15, 16 Clinical follow-up with device 
interrogation was routinely performed with regular intervals of six months. Event trans-
missions of patients connected with home-monitoring were reviewed instantly when 
they occurred. All recorded events and appropriate device therapy (ADT) were reviewed 
by specialized cardiac technicians or by electrophysiologists. ADT was defined as an 
episode of ATP and/or defibrillation shock to terminate VT or VF. The primary endpoint 
was defined as the occurrence of first ADT. The secondary endpoint was defined as the 
combined occurrence of ADT or all-cause mortality as first event.
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Statistical analysis

Continuous variables were expressed as mean ± standard deviations (SD). Histograms 
were used to determine if continuous data was normally distributed. Dichotomous 
and categorical data were expressed as frequencies and percentages. Comparisons of 
baseline characteristics of patients with and without ADT were performed using the 
chi-square test or Fisher’s exact test for categorical or dichotomous data. Continuous 
unpaired data were compared using the Student’s t test or Mann-Whitney U test when 
appropriate. Levene’s test for equality of variances was used to verify the equal varianc-
es assumption of the Student’s t test. Furthermore, a one-way ANOVA was performed 
to compare unpaired data between all cardiac MRI-LVEF subgroups. The paired samples 
t test was used to compare imaging parameters of patients with both cardiac MRI and 
2DE measurements. Occurrence of ADT and mortality during follow-up was presented 
as incidence density (% per person-year) and stratified according subgroups of cardiac 
MRI-LVEF and 2DE-LVEF. Furthermore, Kaplan-Meier curve survival analyses were 
performed comparing patients with 2DE-LVEF ≤35% vs. >35%, and cardiac MRI-LVEF 
≤30% vs. >30%, and were tested for significance using the log-rank test. A p-value of 0.05 
or less was considered statistically significant. All statistical analyses were performed 
using SPSS software package (version 20.0, IBM SPSS Statistics, Chicago, IL, USA).

RESULTS
Study population

During the study period, 1056 patients were referred to VU University Medical Center 
for ICD implantation. Figure 1 provides a consort diagram of the patient selection 
process for this study. In total, 149 patients were included in this study. The main reason 
for exclusion was no availability of both cardiac MRI and 2DE for LVEF assessment at 
our department. Cardiac MRI is generally performed at our department prior to device 
implantation irrespective of 2DE assessment to confirm LVEF impairment, detect LV 
thrombus, guide LV lead placement by scar assessment in CRT, or as part of other study 
protocols. Cardiac MRI was not performed in the majority of excluded patients due to 
patient related contra-indications for cardiac MRI (i.e. irregular heart rhythm, claustro-
phobia, or implanted devices) or logistical reasons. None of the patients underwent 
both 2DE and cardiac MRI because of inadequate LVEF assessments. Table 1 summa-
rizes the baseline characteristics.
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Table 1. Baseline patient characteristics

Variable
Study 

population
(n=149)

Appropriate Device 
Therapy P-value 

(ADT vs. 
without ADT)Yes  

(n=37)
No  

(n=112)

Male gender 108 (73%) 32 (87%) 76 (68%) 0.03

Age (years) 68 ± 9 65 ± 11 69 ± 9 0.08

Resynchronization 
therapy 76 (51%) 20 (54%) 56 (50%) 0.67

Ischemic 
cardiomyopathy 92 (62%) 23 (62%) 69 (62%) 0.95

Chronic atrial 
fibrillation 7 (5%) 2 (5%) 5 (5%) 1.00

NYHA class† 2.5 ± 0.7 2.5 ± 0.7 2.4 ± 0.7 0.44*

Non-sustained 
ventricular tachycardia 11 (7%) 4 (11%) 7 (6%) 0.47

Medication:§

β Blockers 118 (80%) 25 (68%) 93 (84%) 0.03

ACE/ARB 122 (82%) 28 (76%) 94 (85%) 0.21

Diuretics 107 (72%) 28 (76%) 79 (71%) 0.60

Digoxin 8 (5%) 3 (8%) 5 (5%) 0.41

Amiodarone 5 (3%) 3 (8%) 2 (2%) 0.10

Sotalol 4 (3%) 1 (3%) 3 (3%) 1.00

Statins 98 (66%) 24 (65%) 74 (67%) 0.84

Creatinine (umol/L)ⱡ 103 ± 57 127 ± 88 95 ± 39 <0.01*

QRS-duration (ms)†† 128 ± 32 127 ± 34 129 ± 32 0.69

Cardiac MRI-LVEF 23 ± 8 24 ± 6 23 ± 8 0.56

2DE-LVEF 30 ± 8 28 ± 7 30 ± 9 0.14

2DE, 2D-echocardiography; ACE, angiotensin-converting-enzyme inhibitors; ADT, appropriate device therapy; 
ARB, angiotensin receptor blockers; MRI, magnetic resonance imaging; LVEF, left ventricular ejection fraction; 

NYHA class, New York Heart Association class. † Based on n=110. § Based on n=148. ⱡ Based on n=135. †† 
Based on n=146. * Compared using the Mann-Whitney U test.
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Cardiac MRI versus 2DE for LVEF assessment

Median time between cardiac MRI and 2DE LVEF assessments was 5 days (IQR 0 - 42 days). 
The LVEF assessed with 2DE was found to be significantly higher compared with the LVEF 
quantified by cardiac MRI (30 ± 8% vs. 23 ± 8%, p<0.001), resulting in an overestimation 
of 6 ± 7% by 2DE when taking cardiac MRI as the reference (Table 2). Comparable results 
were obtained in patients with ischemic and dilated CMP. Furthermore, no differences 
were observed in LVEF discrepancy between patients who received CRT and patients 
who received an ICD alone (mean difference 6 ± 6% vs. 7 ± 7%, respectively, p=0.24). 
As demonstrated in figure 2, 2DE-LVEF assessment resulted in a higher LVEF compared 
with cardiac MRI in all LVEF subcategories and the difference was found to increase with 
decreasing LVEF (ANOVA p<0.01). In total, 29 of 149 (19%) patients showed a 2DE-LVEF 
>35% (but cardiac MRI-LVEF ≤35%), and would not have been eligible for ICD implantation 
based on 2DE-LVEF assessment using the eligibility threshold of 35% (figure 3). These 29 
reclassified patients showed a mean 2DE-LVEF of 41 ± 3%.

Follow-up

In total, 37 of 149 (25%) patients received ADT during a mean follow-up of 2.9 ± 1.7 
years (8.5% per person-year) and another 16 patients died (3.7% per person-year). In 
most ADT cases, VT was the initial detected arrhythmia (32 of 37 cases, 81%) and VF 
was detected in another 5 patients (19%). A successful shock was delivered in 16 of 37 
(43%) patients, whereas 21 (57%) patients received ATP. Patients who experienced ADT 
were significantly more often male (p=0.03), used less frequently beta-blocking therapy 
(p=0.03), and displayed a higher creatinine (p<0.01) (table 1).

ICD implantations between 2005-2012 (n=1056)

Excluded	(n=907):
• secondary	prevention	(n=275)
• no	follow-up	data	available	(n=114)
• hypertrophic	or	nonspecific	CMP	(n=42)
• cardiac	MRI	and/or	2DE	LVEF	assessment	 out	of	time	
window,	insufficient	image	quality,	or	not	available	(n=468)

• cardiac	MRI-LVEF	>35%	(n=8)

Included	(n=149):	
• patients	with	cardiac	MRI	and	2DE	LVEF	
assessment	 <6	months	prior	to	implantation

Figure 1. Consort diagram of the study inclusion process. 2DE, 2D-echocardiography; CMP, cardiomyopathy; MRI, 
magnetic resonance imaging; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction. 
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Table 2. Cardiac MRI versus 2D-echocardiography for left ventricular ejection fraction 
assessment

Imaging parameter
(mean ± SD) Cardiac MRI 2DE

Difference  
2DE – cardiac 

MRI

P – value  
(cardiac MRI vs. 

2DE)

LVEF (%):

Total 23 ± 8 30 ± 8 6 ± 7 <0.001

Ischemic CMP 24 ± 7 30 ± 8 6 ± 6 <0.001

Dilated CMP 22 ± 9 29 ± 9 7 ± 7 <0.001

P-value  
(between CMP 
groups)

0.07 0.74 0.10

2DE, 2D-echocardiography; CMP, cardiomyopathy; MRI, magnetic resonance imaging; LVEF, left ventricular 
ejection fraction.

Figure 2. Comparison of mean 2DE-LVEF and cardiac MRI-LVEF stratified according cardiac MRI-LVEF subgroups. 
The dotted line represents the LVEF cut-off point for ICD eligibility. Cardiac MRI assessed LVEF was significantly 
lower compared with 2DE-LVEF in all LVEF subgroups. * p=0.01, ** p<0.001. 2DE, 2D-echocardiography; CMR, 
cardiac magnetic resonance imaging ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction.
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During follow-up, the incidence of ADT was significantly higher in patients with cardiac 
MRI-LVEF 21-25% (n=15, 14.4% per person-year) and 26-30% (n=13, 12.9% per person-
year) compared to other LVEF subgroups, whereas mortality rate was highest in 
patients with cardiac MRI-LVEF ≤15% (n=10, 13.7% per person-year) (figure 4A). If the 
incidence of ADT was stratified according to similar 2DE-LVEF subgroups (figure 4B), 
the event rate was more equally distributed among LVEF subgroups. However, patients 
with 2DE-LVEF >35% were significantly less likely to experience ADT (log-rank p=0.02). 
Mortality incidence was significantly higher in patients with 2DE-LVEF ≤15% (n=4, 19.1% 
per person-year) and 2DE-LVEF 16-20% (n=2, 7.8% per person-year) compared to other 
2DE-LVEF subgroups. As presented in figure 5A, the incidence of ADT among patients 
with 2DE-LVEF ≤35% was significantly higher compared with patients having a 2DE-LVEF 
>35% (10.4% per person-year vs. 2.1% per person-year, respectively, log-rank p=0.02). 
The combined endpoint of ADT or all-cause mortality occurred significantly more 
frequent in patients with 2DE-LVEF ≤35% compared with patients having a 2DE-LVEF 
>35% (14.8% per person-year vs. 3.1% per person-year, p<0.01) (figure 5B).

CMR-LVEF 2DE-LVEF
0

10

20

30

40

50

LV
EF

(%
)

p<0.001

Figure 3. Aligned dot plot demonstrating the LVEF of each patient when assessed by cardiac MRI and 2DE 
with connecting lines. The dotted line represents the LVEF cut-off point for ICD eligibility (LVEF≤35%). Mean 
LVEF was significantly lower when assessed using cardiac MRI as compared with 2DE. According to a 2DE 
based LVEF cut-off of 35%, 29 patients (19%) would not have been eligible for ICD implantation. 2DE, 2D 
echocardiography; CMR, cardiac magnetic resonance imaging; ICD, implantable cardioverter-defibrillator; 
LVEF, left ventricular ejection fraction.
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Adjusting the cardiac MRI-LVEF eligibility cut-off to 30% would have resulted in 119 
of the 149 patients (80%) eligible for ICD therapy. Among patients with cardiac MRI-
LVEF ≤30%, 34 patients experienced ADT, whereas 3 patients with cardiac MRI-LVEF 
>30% displayed ADT during follow-up (9.9% per person-year vs. 3.3% per person-year, 
respectively, log-rank p=0.06) (figure 6A). The combined endpoint of ADT or mortality 
in patients with cardiac MRI-LVEF ≤30% occurred significantly more frequent compared 
with patients having a cardiac MRI-LVEF >30% (14.6% per person-year vs. 3.3% per 
person-year, respectively, log-rank p<0.01) (figure 6B).

Figure 4. Bar graphs presenting the incidence density of ADT and mortality, stratified according to subgroups 
of cardiac MRI-LVEF (A) and 2DE-LVEF (B). As shown in figure 4A, patients with cardiac MRI-LVEF 21-25% and 
26-30% experienced a higher incidence of ADT compared to other cardiac MRI-LVEF subgroups (* log-rank 
p=0.001), whereas mortality rate was highest in patients with cardiac MRI-LVEF ≤15% († log-rank p<0.001). 
Figure 4B demonstrates that patients with 2DE-LVEF >35% experienced a significantly lower incidence of ADT 
compared to other subgroups (* log-rank p=0.02), while mortality rate was higher in patients with 2DE-LVEF 
≤15% and 16-20% († log-rank p<0.001). Note the difference in subgroup size as depicted below the subgroup 
bars. 2DE, 2D-echocardiography; ADT, appropriate device therapy; CMR, cardiac magnetic resonance imaging; 
LVEF, left ventricular ejection fraction.
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DISCUSSION
The aim of this study was to determine the clinical consequences of cardiac MRI-based 
LVEF assessment for device eligibility according to current guidelines. 2DE significantly 
overestimated LVEF compared with cardiac MRI in patients with ischemic and dilated 
CMP, resulting in 19% more patients eligible for ICD therapy if LVEF was assessed by 
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Figure 5. Kaplan-Meier curve analysis demonstrating the occurrence of ADT (A) in patients with 2DE-LVEF 
≤35% compared with 2DE-LVEF >35% (10.4%/year vs. 2.1%/year, respectively, log-rank p=0.02) and the 
occurrence of the combined endpoint ADT or mortality (B) between patients with 2DE-LVEF ≤35% and 
2DE-LVEF >35% (14.8%/year vs. 3.1 %/year, respectively, log-rank p<0.01). 2DE, 2D-echocardiography; ADT, 
appropriate device therapy; LVEF, left ventricular ejection fraction.

Figure 6. Kaplan-Meier curve analysis demonstrating the occurrence of ADT (A) in patients with cardiac 
MRI-LVEF ≤30% compared with cardiac MRI-LVEF >30% (9.9%/year vs. 3.3%/year, respectively, log-rank 
p=0.06) and the occurrence of the combined endpoint ADT or mortality (B) compared between patients with 
cardiac MRI-LVEF ≤30% and cardiac MRI-LVEF >30% (14.6%/year vs. 3.3%/year, respectively, log-rank p<0.01). 
ADT, appropriate device therapy, CMR, cardiac magnetic resonance imaging; LVEF, left ventricular ejection fraction.
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cardiac MRI using a cut-off of 35% for device eligibility. In patients with a 2DE-LVEF >35% 
but cardiac MRI-LVEF ≤35%, a low ADT rate was observed. Moreover, application of a 
cardiac MRI-LVEF cut-off of ≤30% for device eligibility resulted in an ADT rate which was 
comparable to a 2DE-LVEF cut-off of ≤35%. These results support the need for cardiac 
MRI-specific LVEF cut-off values for device eligibility.

Although clinical guidelines for ICD implantation for primary prevention are based on 
studies predominantly using 2DE, similar LVEF eligibility cut-off values are used for other 
imaging modalities.3 Due to the superior reproducibility and accuracy of cardiac MRI17, 
this imaging modality is increasingly used in clinical practice and is often considered 
to be the gold standard for LVEF assessment. Moreover, late gadolinium enhanced-
cardiac MRI allows for detailed scar tissue characterization which has been frequently 
linked to ventricular arrhythmias and may further enhance risk stratification.18 Thus, it 
is reasonable to assume that cardiac MRI will become a prevailing method for eligibil-
ity assessment in primary prevention ICD implantation. Studies that have compared LV 
volume and function calculations using 2DE and cardiac MRI consistently demonstrate 
that cardiac MRI assessed ventricular volumes are larger as compared with 2DE.6-13, 

19 Although conflicting results have been published regarding LVEF differences, most 
studies report an overestimation of LVEF by 2DE in patients with impaired LVEF when 
taking cardiac MRI as a reference standard.6, 7, 10-12 Consistent with the results from this 
study, Joshi et al.11 and Gruszczynska et al.10 reported a significant overestimation of 
LVEF by 2DE ranging from 3 to 5% compared with cardiac MRI. Furthermore, compa-
rable to most of these studies, this discrepancy becomes more substantial in patients 
with more severely reduced LVEF.7, 10 The differences in LVEF assessment between 2DE 
and cardiac MRI are likely to have consequences for device eligibility, in particular for 
patients with borderline LVEF values (30-35%). The present study demonstrated that 
19% of 149 patients were not eligible for ICD therapy if LVEF assessment was based on 
2DE. These findings confirm the results obtained by Joshi et al.11, who found a reclas-
sification of 21% regarding device eligibility when cardiac MRI was used for LVEF evalua-
tion. In patients with 2DE-LVEF 30-35% specifically, this reclassification increased to 41% 
of the patients and usually was in favour of ICD implantation.

It remains unclear, however, whether the use of cardiac MRI for LVEF assessment will 
lead to an improved selection of patients with highest benefit from ICD implantation. 
One may hypothesize that due to the increase in eligible patients, the rate of ADT may 
actually decrease resulting in lower  benefit from ICD implantation. The results obtained 
in the current study demonstrate a low rate of 2.1 % ADT annually in reclassified patients 
with a 2DE-LVEF >35% but cardiac MRI-LVEF ≤35% during the follow-up. Previous studies 
have reported low event rates in patients with ICD implantation and improved LVEF.20-22 
Kini et al.20 demonstrated that patients with improvement in LVEF above 35% show an 
incidence of ADT of 2.8% annually whereas patients with LVEF<35% experienced 10.7% 
ADT annually. These results are consistent with the incidence rates of ADT observed in 
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the current study. Patients with cardiac MRI-LVEF of 21-30% received the highest ADT 
rate, whereas the corresponding 2DE-LVEF ranged between <15 and 35% leading to the 
highest ADT rate. This is likely to be the result of the LVEF-overestimation by 2DE. In 
addition, the superior  reproducibility of cardiac MRI may result in a refined selection of 
patients at highest risk for appropriate ICD therapy.7, 11, 17

These data suggest the need for a specific cardiac MRI-based LVEF threshold for device 
eligibility. As shown, a cardiac MRI-LVEF cut-off of ≤30% would have resulted in a number 
of eligible patients and an incidence of ADT that was comparable with using a conven-
tional 2DE-LVEF cut-off of ≤35%. In patients not eligible according to a cardiac MRI-LVEF 
cut-off of 30%, the ADT rate was low (3.3% annually). Similarly, patients with 2DE-LVEF 
above the conventional eligibility cut-off of 35% who received an ICD, as cardiac MRI-
LVEF was below 35%, showed a comparable low ADT incidence of 2.1% per person-year. 
Whether this lower risk for ventricular arrhythmias is acceptable to refrain from ICD 
implantation remains to be evaluated by a risk-benefit analysis. Nonetheless, Rayatza-
deh et al.12 demonstrated that none of the patients who received an ICD for primary 
prevention with a cardiac MRI-LVEF >30% but 2DE-LVEF ≤35% experienced ventricular 
arrhythmias, suggesting the application of a cardiac MRI-based LVEF threshold of ≤30% 
for ICD eligibility.

Several limitations of this study need to be acknowledged. First, this was a retrospec-
tively designed cohort study. Only patients who received both a cardiac MRI and 2DE 
prior to ICD implantation were included in the current study, which may have introduced 
a selection bias. However, none of the patients underwent LVEF assessment using both 
imaging modalities due to inadequacy of either 2DE or cardiac MRI. Cardiac MRI was 
generally performed prior device implantation irrespective of 2DE findings. Further-
more, the included patient population reflects a typical cohort of patients referred for 
primary prevention ICD implantation as presented in the baseline characteristics table. 
Secondly, LVEF assessments by 2DE as well as cardiac MRI were evaluated by multiple 
readers which may have influenced the comparison of cardiac MRI and 2DE. However, 
all LVEF assessments were measured according to routine clinical standards, therefore 
reflecting the ‘real-world’ clinical practice. Thirdly, 2DE and cardiac MRI assessment 
were not measured simultaneously. Although the median time between both imaging 
modalities was only 5 days, non-reported events may have occurred that have affected 
the comparison between cardiac MRI and 2DE. Finally, the current study only compared 
the difference of LVEF assessment between 2DE and cardiac MRI. It would be of interest 
to include several other imaging modalities, such as nuclear imaging, 3D-echocardiogra-
phy and cardiac computed tomography which are also used in daily clinical practice for 
LVEF assessment. The clinical consequences for device eligibility and follow-up of these 
imaging modalities remain unclear.
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