
Diagnostic and Prognosti
c Role of Cardiac Magnetic
aCardiolog
bRadiology, V

received Octob

ber 28, 2018.

See page 80

*Correspon

E-mail add

0002-9149/© 2

https://doi.org/
Resonance Before Implantable Cardioverter
Defibrillator
D1X XAlessio Lilli, D2X XMDa,*, D3X XCarlo Tessa, D4X XMDb, D5X XJacopo Del Meglio, D6X XMDa, D7X XLuca Salvatori, D8X XMDb,
D9X XAlessandro Comella, D10X XMDa, D11X XMassimo Magnacca, D12X XMDa, D13X XRosa Poddighe, D14X XMDa, D15X XMaria Laura Canale, D16X XMDa,
D17X XGianluca Solarino, D18X XMDa, D19X XMarco T Baratto, D20X XMDa, D21X XClaudio Vignali, D22X XMDb, and D23X XGiancarlo Casolo, D24X XMDa
y,

ers

er 1

5 f

din

ress

018

10.
The use of cardiac magnetic resonance (cMR) to assess remodeling and tissue charac-
terization in primitive and secondary cardiomyopathies has progressively increased,
and it carries important prognostic informations. The aim of this study was to assess
the overall clinical value of cMR before implantable cardioverter defibrillator (ICD).
All patients referred to our center for an ICD implantation and submitted to cMR
(n = 134) were analyzed. All the cMR diagnostic findings and following clinical events
were reviewed to assess clinical relevance in patients care. The use of cMR before
ICD implantation has progressively increased during the decade studied (13% to
53%, p <0.001). Subjects who underwent cMR were younger, more often female,
with lower NYHA class and higher ejection fraction (p <0.05 for all). Unexpected
diagnostic findings were observed in 34 patients (25%), resulting in an immediate
therapeutic strategy modification in 13%. A pattern of fibrosis leading to a change in
the disease’s etiology and thrombus detection were the most frequent cMR findings,
followed by anatomical incidental findings. Any grade of fibrosis carried a higher
annual incidence of combined death or ventricular arrhythmias (9.92% vs 1.83%,
p = 0.02). Annual event rate was related to the extent of scarring. In conclusion, we
observed a progressively increase of cMR utilization before ICD implantation during
the last decade. This practice has yielded a significant increase of new diagnostic find-
ings, carrying unique prognostic information linked to tissue characterization.
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Cardiac magnetic resonance (cMR) has become important
in the management of patients who have met criteria for an
implantable cardioverter defibrillator (ICD). Left ventricular
(LV) remodeling and reduction of ejection fraction (EF)
represent the major structural changes linked to heart failure
1−3and the most important criteria for ICD implantation.2,3

Nevertheless, EF is only one macroscopic element of myo-
cardial injury, and several data indicate that myocardial
fibrosis is an independent prognostic predictor of arrhythmic
events in both ischemic (IC) and nonischemic cardiomyopa-
thies.4−6 A myocardial scar has a prognostic role also in sub-
jects with nonsevere LV dysfunction.4,5 Fibrosis pattern
provides important diagnostic information since it is often a
marker of a specific type of injury7−10 and indicates the pres-
ence of viable myocardium.10,11 Tissue characterization is
one of the most important diagnostic dilemmas becoming
difficult to be obtained after ICD implantation due to possi-
ble artifacts.12 The main hypothesis of the proposed analysis
is that cMR offers an immediate clinical gain in several sit-
uations, providing adequate information to develop an
appropriate management of this complex group of patients.
Hence, we investigated the utilization and the clinical impact
of cMR in randomized patients before ICD implantation.
Methods

We prospectively registered patients referred to our cen-
ter for a first ICD implantation. Our hospital is a secondary
center with cMR facility. This service is provided by spe-
cialized radiologists (CT and LS) and cardiologists (JDM
and GC). The study was approved by the Institutional
Review Boards and informed consent was obtained for
each patient. We included subjects with indication for an
ICD for primary or secondary prevention. Exclusion criteria
included patient’s decision to receive treatment from
another center, significant valvular heart disease, indication
for LV assistant device, suspected acute myocarditis or
acute coronary syndrome, and inability to give consent.

After ICD implantation, the first follow-up visit was
conducted at 6 months, followed by 6 monthly visits at our
clinic. In case patients did not come back for their appoint-
ment, follow-up was conducted by telephone interview.
Survival data were collected for all included patients. Infor-
mation about deaths was recorded by telephone interview
with the patient’s relatives or from the administrative data-
base. The present analysis focused on patients who under-
went cMR before implantation. Contraindication to cMR
imaging included claustrophobia, hemodynamic instability,
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Figure 1. The bars represent the number of implantable cardioverter defi-

brillator (ICD) implanted. Overimposed are the number of cardiac mag-

netic resonance (cMR) scans performed before ICD implantation in the

same period. Percentage of subjects with cMR pre-ICD implantation grad-

ually increases during the follow-up period.
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metallic implants, significant arrhythmias, and estimated
glomerular filtration rate <30 ml/min.

Devices were implanted with the standard technique.
Single, dual chamber or resynchronization device choice
was at discretion of the physician based on sinus bradycar-
dia, atrial fibrillation, QRS, clinical, and imaging findings.

Ischemic (IC), dilated (DC), hypertrophic (HC), and infil-
trative cardiomyopathy were defined according to the Euro-
pean Society of Cardiology recommendations.13 Patients
with idiopathic ventricular tachycardia or fibrillation (VT/
VF), arrhythmogenic right ventricular dysplasia, channelopa-
thies, or other conditions were grouped in the miscellaneous
etiologies. All subjects underwent coronary assessment with
coronary angiography or CT scan as appropriate. Early con-
clusions regarding the pathology’s underlying etiology were
first suspected on the basis of clinical and familial history,
visit, ECG, and standard echocardiogram.13 In subjects who
underwent cMR, etiology was confirmed or disproved
according to cMR findings. Radiologists and cardiologists
analyzed these images and agreed on the etiology classifica-
tion in every case. Patients with multiple findings were clas-
sified as having dual pathology (usually a combination of IC
and HC or DC features).

CMR exams were performed using two 1.5 T MR sys-
tems (MAGNETOM Symphony, Siemens Healthcare,
Erlangen-Germany from 2006 to 2011 and MAGNETOM
Avanto, Siemens Healthcare, Erlangen, Germany since
2011). Cine images of the heart were acquired in 2-chamber
and 4-chamber views of the left ventricle and in short-axis
view, using TrueFISP sequences.

Ten minutes after intravenous administration of
0.2 mmol/kg of gadolinium DTPA (Magnevist, Schering),
late gadolinium enhancement (LGE) images were acquired
in the same views as those used for cine imaging using
PSIR sequences with the inversion time adjusted to null
normal myocardium.

The quantification of LV function, volumes, and mass
was performed using the Argus Ventricular Function soft-
ware (Siemens Healthcare). Two senior radiologists (CT and
LS) and 1 senior cardiologist (JDM) visually analyzed, dis-
cussed, and collectively agreed on the interpretation of all
the images. The transmural extent of contrast enhancement
within each segment was defined visually according to the
following scheme: 0 = no enhancement, 1 = 1% to 25%,
2 = 26% to 50%, 3 = 51% to 75%, and 4 = 76% to 100%
enhancement extent referred to the myocardial wall thick-
ness.14 A total scar score was obtained by summing the score
of each segment (each weighted by the midpoint of the range
of enhancement for the given segmental score; i.e., 1 = 13%,
2 = 38%, 3 = 63%, 4 = 88%) and dividing by 17.15,16

Statistical analysis was performed using SPSS for
Windows 15.0 (SPSS Inc., Chicago, IL). Continuous
variables are expressed as the mean § standard deviation
(SD). Baseline categorical data were compared by means
of the chi-square test. To compare continuous variables, the
Student’s t test for normally distributed paired and unpaired
data was used. Nonparametric data were analyzed using the
Mann-Whitney or Wilcoxon test. Logistic regression was
utilized to isolate univariate cMR referral predictors. The
log-rank test was used to compare survival distributions
(mortality rates) between subjects with or without LGE.
Receiving operating curves were constructed for the com-
parison of EF and LGE score performance to predict ICD
activation. Youden method was used to calculate the opti-
mal cutoff for LGE score. For all tests, a p value <0.05 was
considered statistically significant.
Results

A total of 378 subjects referred for ICD implantation for a
primary (87%) or secondary (13%) prevention were prospec-
tively registered between 2006 and 2017. A total of 139
patients (37%) underwent cMR before the intervention. In 5
patients, images were suboptimal mainly for excessive irregu-
lar rhythm, patients’ intolerance, or other artifacts. The final
population with pre-ICD cMR scan was of 134 patients. The
percentage of subjects with preimplantation cMR changed
significantly with time, ranging from 13% in the 2010 to 53%
in the last year (Figure 1). Including only subjects without
contraindications to gadolinium or cMR, the percentage of
subjects who underwent cMR in the last year was 63%.

Baseline population characteristics with or without
cMR are showed in Table 1. Patients who underwent
cMR compared with those without cMR were younger
with lower NYHA class at implantation and a higher EF
(p <0.001). A higher number of women were present in
the cMR group (p 0.03). Ischemic etiology was compara-
ble between patients with or without cMR. Prevalences
of different etiologies were however significantly differ-
ent between the 2 groups due to higher percentage of HC
within the cMR group. Univariate predictors of cMR
referral are presented in Table 2. Incidence rate of ICD
intervention for sustained ventricular arrhythmias was
3.01%/year in patients without cMR and 3.33%/year in
patients with cMR (p 0.394).

Out of the 134 subjects referred for cMR, a total of 34
patients (25%) had new diagnostic findings. The most rele-
vant cMR conclusions that were able to be drawn were about
pathology’s etiology according to the observed LGE pattern,
thrombus detection, and anatomical incidental findings
(Figure 2). In 25 patients (19%), the original etiology was
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Table 1

Demographic characteristics of patients who underwent defibrillator

implantation with or without cMR before the procedure

Variables cMR (n = 134) no cMR (n = 244) p Value

Age (years) 65.04§ 12.18 70.07§ 10.65 <0.001
Women 32 (24%) 36 (15%) 0.03

Primary prevention 119 (89%) 210 (86%) 0.52

Atrial fibrillation 31 (23 %) —
Etiology

Ischemic 54 (40%) 93 (38%) 0.017

Dilated 43 (32%) 111 (45%)

Hypertrophic 25 (19%) 23 (9%)

Miscellaneous 12 (9%) 17 (7%)

NYHA class 1.98 § 0.72 2.17 § 0.73 0.026

Resynchronization 32 (24%) 91 (37%) <0.001
Ejection fraction (%) 36.65§ 17.91 31.49§ 9.02 <0.001
End diastolic volume (ml) 221.82§ 89.25 —
End systolic volume (ml) 151.03§ 88.92 —
Medication

Beta blockers 125 (93%) —
ACE-I/ARBs 114 (85%) —
Anti-aldosterone 57 (42%) —
Amiodarone 38 (28%) —

Table 2

Univariate predictors of undergoing cardiac magnetic resonance before

defibrillator implantation

Variables Hazard ratio 95% CI p Value

Age (years) 0.946 0.923-0.971 <0.001
Female 2.143 1.096-4.189 0.026

Primary prevention 1.206 0.520-2.801 0.662

Ejection fraction 2.147 0.068-67.79 0.630

Year of implant 1.329 1.223-1.444 <0.001
NYHA ≥3 vs <3 0.630 0.321-1.235 0.178

Etiology (vs ischemic)

Dilated 0.662 0.380-1.153 0.145

Hypertrophic 1.146 0.465-2.827 0.767

Miscellaneous 0.482 0.097-2.399 0.373

Figure 2. Graphical representation of diagnostic findings within 3 most

represented etiologies. Roughly, 1 of 4 investigations had at least a new

diagnostic finding.
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changed after cMR. In 20 out of them, multiple LGE patterns
were observed thus suggesting a dual pathology. In 9.3% of
patients with a diagnosis of DC and in 8.3% of cases with
HC, an ischemic LGE distribution was diagnosed. All these
subjects had nonobstructive Coronary Artery Disease (CAD).
A pattern suggestive of infiltrative disease was present in 2
HC cases (1.5% of overall population).

Overall due to these findings, a total of 11% of subjects
with initial nonischemic etiology had an immediate thera-
peutic modification. A nonischemic pattern was revealed in
22% (n = 12) of patients with previous Acute Myocardial
Infarction (AMI) and CAD. Eight of these showed signifi-
cant LV hypertrophy with a final diagnosis of simultaneous
HC and IC.

LV or auricular thrombosis, which was not highlighted
by standard echocardiography, was evident in 6% of overall
population (8 of 134). In 1 patient, a ventricular thrombus
was suspected by echocardiography but was not confirmed
by cMR. New thromboses were detected in 9% of IC
patients and 5% of DC. One patient had evidence of auricu-
lar thrombosis albeit in sinus rhythm. Oral anticoagulation
was introduced in 5% of patients and ceased or modified
(INR range) in 1.5%.

Overall, in 18 of 134 subjects (13%), we observed an
immediate therapeutic modification due to etiology descrip-
tion and thrombosis detection post-cMR findings. Two
cases of left persistent superior vena cava were detected.

During a mean follow-up of 3.15 years (range 3 months to
11 years), we observed a death rate of 5.38%/year and an
arrhythmias’s incidence rate of 3.33%/year. Three patients
(2.2%) were lost to follow-up. Combined event rates were
1.8%/year in patients without LGE and 9.9%/year in patients
with LGE (hazard ratio [HR] 5.48, 95% confidence interval
[CI] 1.31 to 22.98, p 0.02). Incidence rate of VT/VF was
0.9%/year in patients without LGE and 4.3%/year in subjects
with LGE (HR 4.38, 95% CI 0.57 to 33.63, p 0.15). Annual
even rate was related to the extent of scar reported by LGE
score analysis (Figure 3). Receiving operating curves analy-
sis showed that an LGE score higher than 4.5 had 86% sensi-
tivity and 49% specificity to predict ICD activation. Area
under curve was higher albeit not significant for LGE score
as compared with EF (0.605 vs 0.469, p 0.2).
Discussion

The main finding of our study is that cMR can identify
unique diagnostic and prognostic information in patients
referred for ICD. One of 4 of these investigations had some
clinical consequences. Our experience showed that the use
of cMR in clinical practice progressively increases, in a



Figure 3. Events organized according to scar extension. The incidence of

combined outcome or ventricular arrhythmias progressively increased in

patients with larger scars. VF = ventricular fibrillation; VT = ventricular

tachycardia.
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center with cMR service it can be feasibly performed in the
majority of ICD recipients.

The role of cMR as a gatekeeper to coronary angiogra-
phy has been previously shown to be effective in patients
with heart failure of uncertain aetiology.7,9 Our analysis
showed that cMR can also be an important step in ICD
recipients. The progressive higher rate of utilization can be
due to several aspects. First, previous data highlighted that
cMR has better prognostic value than echocardiography in
predicting adverse events.17 Second, loss of myocardium
and its replacement with fibrosis which forms different pat-
terns may be pathognomonic of a specific etiology.7−10 The
presence and scar extent revealed by cMR was significantly
and independently associated with lower overall and car-
diac survival, included SCD.4,5,18,19

In our study, we demonstrated the immediate clinical
implications of LGE assessment before ICD implantation.
In both dilated and hypertrophic cardiomyopathies, we
observed an ischemic pattern indicative of previous
unknown AMI. The prevalence of this finding was similar
in the etiologies and promoted the initiation of secondary
prevention therapies. The unique cMR ability to identify
ischemic and nonischemic etiologies in patients with HF
has been previously demonstrated.7,9 Of note in our series,
more than 10% of patients with IC showed also a mid-wall
LGE pattern (i.e., nonischemic) in the context of LV hyper-
trophy. Indeed, a diagnosis of dual pathology (HC and IC)
was achieved in these patients after cMR scan.
The observation of multiple patterns is a prerogative of
cMR, even if a dual pathology comprising HC can be sus-
pected with echocardiography.20,21 The diagnostic informa-
tion obtained was obviously meaningful for relatives’
prompt diagnosis and clinical screening.

Finally, our data demonstrated the presence of infiltra-
tive disease in a low percentage of subjects with hypertro-
phy and clinical-suspected cardiac amyloidosis. Of
importance, the possibility to achieve specific tissue charac-
terization before ICD implantation can represent the last
chance for a correct diagnosis. In a study by Sasaki et al,
about 50% of segments (and up to 70% in the anterior wall)
showed significant LGE artifacts resulting in uninterpret-
able scans in the usual left-side ICD implantation.12

We highlighted other major clinical issues. An
unknown left atrial or ventricular thrombosis could be
observed in about 6% of patients with negative routine
echocardiography. The high diagnostic accuracy of cMR
has been demonstrated,22 and it is mainly linked to the
improved sensitivity of the scan. Previous data on intraca-
vitary thrombus assessment showed a large variability of
prevalence between studies according to different popula-
tion and etiologies.22−24 Left atrial thrombus can also be
observed in subjects in sinus rhythm25 as our study
detected in 1 subject. Of note, cMR has also the ability to
exclude the presence of thrombus previously suspected
with bedside echocardiography.24 This promotes an obvi-
ous immediate clinical gain of oral anticoagulation man-
agement in this complex group of patients that might
translate into maximization of ICD benefit. Two cases of
left persistent superior vena cava were observed, piece of
information that was important in planning the device
implantation procedure.

The overall result of our study was that 1 in 4 patients
referred for cMR had a new diagnostic finding, and more
than 1 in 10 subjects had a meaningful clinical change in
pathology’s etiology and management.

Our experience also confirmed previous data about the
prognostic importance of fibrosis assessment before ICD
implantation. The absence of fibrosis is a strong predictor
of good outcome and is associated with very low percent-
age of arrhythmic events (<1%/year) in our subset. The
scar extension is directly related to the outcome. This has
already been clearly established in the literature.4−6,26−28

Our study has some limitations. First, since the observa-
tional nature of the study, our conclusions are hypothesis
generating and cannot be definitive. Details of patients who
underwent cMR are carefully recorded, whereas this is not
the case for patients with other conditions such as atrial
fibrillation and medications. Therefore, selection bias and
lack of homogenous control information could be 2 limita-
tions of our study. Nevertheless, the similar incidence rate
of arrhythmias in all our patients suggested a low impact
that selection bias could play in this study. Second, since a
control group is lacking, we cannot conclude that the
observed diagnostic findings have internal validity. Third,
the lack of core laboratory and the unblinded nature of the
study could give rise to detection bias. Nevertheless, some
aspects of cMR (such as LGE scoring) are semiquantitative
and less prone to interpretation. Fourth, subgroups are small
and inadequate to explore the role of fibrosis. Scar and its
extension may have a different clinical meaning within
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different etiologies. Finally, we have detailed a prognostic
analysis to better describe population; however, prognostic
data are not new and prone to bias due mode of collection
and outcome assignment.
Disclosures

The authors have no conflicts of interest to disclose.

Acknowledgment

The authors very thank Assia Comella and Andrea
Comella for writing assistance, language editing, and proof-
reading.
Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at https://doi.org/10.1016/j.
amjcard.2018.11.036.

1. Fishman GI, Chugh SS, Dimarco JP, Albert CM, Anderson ME,
Bonow RO, Buxton AE, Chen PS, Estes M, Jouven X, Kwong R,
Lathrop DA, Mascette AM, Nerbonne JM, O’Rourke B, Page RL,
Roden DM, Rosenbaum DS, Sotoodehnia N, Trayanova NA, Zheng
ZJ. Sudden cardiac death prediction and prevention: report from a
National Heart, Lung, and Blood Institute and Heart Rhythm Society
Workshop. Circulation 2010;122:2335–2348.

2. Priori SG, Blomstr€om-Lundqvist C, Mazzanti A, Blom N, Borggrefe
M, Camm J, Elliott PM, Fitzsimons D, Hatala R, Hindricks G,
Kirchhof P, Kjeldsen K, Kuck KH, Hernandez-Madrid A, Nikolaou N,
Norekva

�
l TM, Spaulding C, Van Veldhuisen DJ. ESC Scientific Docu-

ment Group. 2015 ESC Guidelines for the management of patients
with ventricular arrhythmias and the prevention of sudden cardiac
death. Eur Heart J 2015;36:2793–2867.

3. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ,
Curtis AB, Deal BJ, Dickfeld T, Field ME, Fonarow GC, Gillis AM,
Hlatky MA, Granger CB, Hammill SC, Joglar JA, Kay GN, Matlock
DD, Myerburg RJ, Page RL. 2017 AHA/ACC/HRS Guideline for man-
agement of patients with ventricular arrhythmias and the prevention of
sudden cardiac death: Executive Summary: a report of the American
College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines and the Heart Rhythm Society. J Am Coll
Cardiol 2018;72:e91–e220.

4. Disertori M, Rigoni M, Pace N, Casolo G, Mas�e M, Gonzini L, Lucci
D, Nollo G, Ravelli F. Myocardial fibrosis assessment by LGE is a
powerful predictor of ventricular tachyarrhythmias in ischemic and
nonischemic LV dysfunction: a meta-analysis. JACC Cardiovasc
Imaging 2016;9:1046–1055.

5. Di Marco A, Anguera I, Schmitt M, Klem I, Neilan TG, White JA,
Sramko M, Masci PG, Barison A, Mckenna P, Mordi I, Haugaa KH,
Leyva F, Rodriguez Capit�an J, Satoh H, Nabeta T, Dallaglio PD,
Campbell NG, Sabat�e X, Cequier �A. Late gadolinium enhancement
and the risk for ventricular arrhythmias or sudden death in dilated car-
diomyopathy: systematic review and meta-analysis. JACC Heart Fail
2017;5:28–38.

6. Weng Z, Yao J, Chan RH, He J, Yang X, Zhou Y, He Y. Prognostic
value of LGE-CMR in HCM: a meta-analysis. JACC Cardiovasc
Imaging 2016;9:1392–1402.

7. McCrohon JA, Moon JC, Prasad SK, McKenna WJ, Lorenz CH, Coats
AJ, Pennell DJ. Differentiation of heart failure related to dilated car-
diomyopathy and coronary artery disease using gadolinium-enhanced
cardiovascular magnetic resonance. Circulation 2003;108:54–59.

8. Fattori R, Rocchi G, Celletti F, Bertaccini P, Rapezzi C, Gavelli G.
Contribution of magnetic resonance imaging in the differential diagno-
sis of cardiac amyloidosis and symmetric hypertrophic cardiomyopa-
thy. Am Heart J 1998;136:824–830.

9. Casolo G, Minneci S, Manta R, Sulla A, Del Meglio J, Rega L, Gensini
G. Identification of the ischemic etiology of heart failure by
cardiovascular magnetic resonance imaging: diagnostic accuracy of
late gadolinium enhancement. Am Heart J 2006;151:101–108.

10. Wu E, Judd RM, Vargas JD, Klocke FJ, Bonow RO, Kim RJ. Visuali-
sation of presence, location, and transmural extent of healed Q-wave
and non-Q-wave myocardial infarction. Lancet 2001;357:21–28.

11. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke
FJ, Bonow RO, Judd RM. The use of contrast-enhanced magnetic reso-
nance imaging to identify reversible myocardial dysfunction. N Engl J
Med 2000;343:1445–1453.

12. Sasaki T, Hansford R, Zviman MM, Kolandaivelu A, Bluemke DA,
Berger RD, Calkins H, Halperin HR, Nazarian S. Quantitative assess-
ment of artifacts on cardiac magnetic resonance imaging of patients
with pacemakers and implantable cardioverter-defibrillators. Circ Car-
diovasc Imaging 2011;4:662–670.

13. Elliott P, Andersson B, Arbustini E, Bilinska Z, Cecchi F, Charron
P, Dubourg O, K€uhl U, Maisch B, McKenna WJ, Monserrat L,
Pankuweit S, Rapezzi C, Seferovic P, Tavazzi L, Keren A. Classi-
fication of cardiomyopathies: a position statement from the Euro-
pean working group on myocardial and pericardial diseases. Eur
Heart J 2008;29:270–276.

14. Moon JC, De Arenaza DP, Elkington AG, Taneja AK, John AS, Wang
D, Janardhanan R, Senior R, Lahiri A, Poole-Wilson PA, Pennell DJ.
The pathologic basis of Q-wave and non-Q-wave myocardial infarc-
tion: a cardiovascular magnetic resonance study. J Am Coll Cardiol
2004;44:554–560.

15. Kim RJ, Albert TS, Wible JH, Elliott MD, Allen JC, Lee JC, Parker M,
Napoli A, Judd RM. Gadoversetamide Myocardial Infarction Imaging
Investigators. Performance of delayed-enhancement magnetic reso-
nance imaging with gadoversetamide contrast for the detection and
assessment of myocardial infarction: an international, multicenter,
double-blinded, randomized trial. Circulation 2008;117:629–637.

16. Sievers B, Elliott MD, Hurwitz LM, Albert TS, Klem I, Rehwald WG,
Parker MA, Judd RM, Kim RJ. Rapid detection of myocardial infarc-
tion by subsecond, free-breathing delayed contrast-enhancement car-
diovascular magnetic resonance. Circulation 2007;115:236–244.

17. Pontone G, Guaricci AI, Andreini D, Solbiati A, Guglielmo M, Mush-
taq S, Baggiano A, Beltrama V, Fusini L, Rota C, Segurini C, Conte E,
Gripari P, Dello Russo A, Moltrasio M, Tundo F, Lombardi F,
Muscogiuri G, Lorenzoni V, Tondo C, Agostoni P, Bartorelli AL, Pepi
M. Prognostic benefit of cardiac magnetic resonance over transthoracic
echocardiography for the assessment of ischemic and nonischemic
dilated cardiomyopathy patients referred for the evaluation of primary
prevention implantable cardioverter-defibrillator therapy. Circ Cardio-
vasc Imaging 2016;9:e004956.

18. Gulati A, Jabbour A, Ismail TF, Guha K, Khwaja J, Raza S, Morarji K,
Brown TD, Ismail NA, Dweck MR, Di Pietro E, Roughton M, Wage
R, Daryani Y, O’Hanlon R, Sheppard MN, Alpendurada F, Lyon AR,
Cook SA, Cowie MR, Assomull RG, Pennell DJ, Prasad SK. Associa-
tion of fibrosis with mortality and sudden cardiac death in patients
with nonischemic dilated cardiomyopathy. JAMA 2013;309:896–908.

19. Gao P, Yee R, Gula L, Krahn AD, Skanes A, Leong-Sit P, Klein GJ,
Stirrat J, Fine N, Pallaveshi L, Wisenberg G, Thompson TR, Prato F,
Drangova M, White JA. Prediction of arrhythmic events in ischemic
and dilated cardiomyopathy patients referred for implantable cardiac
defibrillator: evaluation of multiple scar quantification measures for
late gadolinium enhancement magnetic resonance imaging. Circ Car-
diovasc imaging 2012;5:448–456.

20. Elliott PM, Anastasakis A, Borger MA, Borggrefe M, Cecchi F,
Charron P, Hagege AA, Lafont A, Limongelli G, Mahrholdt H,
McKenna WJ, Mogensen J, Nihoyannopoulos P, Nistri S, Pieper PG,
Pieske B, Rapezzi C, Rutten FH, Tillmanns C, Watkins H. 2014 ESC
Guidelines on diagnosis and management of hypertrophic cardiomyop-
athy: the Task Force for the Diagnosis and Management of Hypertro-
phic Cardiomyopathy of the European Society of Cardiology (ESC).
Eur Heart J 2014;35:2733–2779.

21. Maron SM, Maron BS. Clinical impact of contemporary cardiovascu-
lar magnetic resonance imaging in hypertrophic cardiomyopathy. Cir-
culation 2015;132:292–298.

22. Srichai MB, Junor C, Rodriguez LL, Stillman AE, Grimm RA, Lieber
ML, Weaver JA, Smedira NG, White RD. Clinical, imaging, and path-
ological characteristics of left ventricular thrombus: a comparison of
contrast-enhanced magnetic resonance imaging, transthoracic echocar-
diography, and transesophageal echocardiography with surgical or
pathological validation. Am Heart J 2006;152:75–84.

https://doi.org/10.1016/j.amjcard.2018.11.036
https://doi.org/10.1016/j.amjcard.2018.11.036
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32141-6/sbref0022


806 The American Journal of Cardiology (www.ajconline.org)
23. Cambronero-Cortinas E, Bonanad C, Monmeneu JV, Lopez-Lereu MP,
Gavara J, de Dios E, Rios C, Perez N, Racugno P, Paya A, Escribano D,
Minana G, Pellicer M, C�anoves J, Nunez J, Chorro FJ, Moratal D, Bodi
V. Incidence, outcomes, and predictors of ventricular thrombus after
reperfused ST-segment-elevation myocardial infarction by using
sequential cardiac MR imaging. Radiology 2017;284:372–380.

24. 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 ische-
mic heart disease. Circulation 2002;106:2873–2876.

25. Bakalli A, Georgievska-Ismail L, Koçinaj D, Musliu N, Zahiti B,
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