1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Imaging. Author manuscript; available in PMC 2019 July 01.

-, HHS Public Access
«

Published in final edited form as:
Clin Imaging. 2018 ; 50: 294-296. doi:10.1016/j.clinimag.2018.05.005.

Wideband LGE MRI Permits Unobstructed Viewing of Myocardial
Scarring in a Patient with an MR-Conditional Subcutaneous
Implantable Cardioverter-Defibrillator

Amir Ali Rahsepar, MD?, Jeremy D. Collins, MD%, Bradley P. Knight, MD2, KyungPyo Hong,
PhD1, James C. Carr, MD1, and Daniel Kim, PhD!

1Department of Radiology, Feinberg School of Medicine, Northwestern University, Chicago,
lllinois, USA

2Department of Medicine, Division of Cardiology, Feinberg School of Medicine, Northwestern
University, Chicago, lllinois, USA

Abstract

A subcutaneous implantable cardioverter-defibrillator (S-ICD) is an alternative device for
prevention of sudden cardiac death, without any leads within the heart. Patients implanted with
any type of ICD may need catheter ablation of ventricular tachycardia (VT) to reduce the overall
arrhythmia burden (e.g., recurrent monomorphic VT) and lower the incidence of painful shocks
induced by the device. Late gadolinium enhancement (LGE) MRI is a useful pre-test for guiding
VT ablation, because it can be used to map myocardial scar and produce better outcomes.
Growing evidence suggests that MRI can be performed with manageable risks on patients with a
cardiac implantable electronic device (CIED). Nonetheless, the diagnostic yield of cardiac MRI is
still low because of severe image artifacts, regardless of MR-conditional or non-MR conditional
labeling. Image artifacts in the heart induced by an S-1CD is expected to be larger than the artifacts
induced by a transvenous ICD, because the former is twice as large in size and implanted closer to
the heart. This is the first reported case of successful wideband LGE MRI in a patient implanted
with an MR-conditional S-1CD. A 37-year-old man with ischemic cardiomyopathy was referred
for a cardiac MRI at 1.5T ten months after S-ICD implantation, in order to rule out constrictive
pericarditis. Clinical standard LGE MRI produced severe image artifacts, rendering it useless. In
contrast, wideband LGE MRI provided unobstructed viewing of myocardial scarring. This case
illustrates the usefulness of wideband LGE MRI for assessment of myocardial scarring in a patient
with an MR-conditional S-ICD.
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Introduction

A transvenous implantable cardioverter-defibrillator (TV-ICD) is clinically indicated in
various clinical scenarios for prevention of sudden cardiac death [1]. Despite its
effectiveness for primary and secondary prevention of sudden cardiac death, lead-related
complications remain a significant problem [2, 3]. Recently developed subcutaneous ICD
(S-ICD) is an alternative device for sensing subcutaneous electrocardiogram and delivering
appropriate shocks with no leads within the heart [4].

Patients implanted with any type of ICD may need catheter ablation of ventricular
tachycardia (\VT) to reduce the overall arrhythmia burden (e.g., recurrent monomorphic VT)
and lower the incidence of painful shocks delivered by the device [5]. Late gadolinium
enhancement (LGE)[6] MRI is a useful pre-test for guiding VT ablation, because it can be
used to map myocardial scar, which is known to be an arrhythmogenic substrate for inducing
ventricular arrhythmia [7, 8]. Growing evidence suggests that MRI can be performed with
manageable risks on patients with a cardiac implantable electronic device (CIED) using
established guidelines [9-13]. Nonetheless, the diagnostic yield of cardiac MRI is still low
because of severe image artifacts, regardless of MR-conditional or non-MR conditional
labeling. Specifically, up to 1/3 of clinical cases produce non-diagnostic image quality,
whereas the remaining 2/3 of cases produce diagnostically adequate but nonetheless
suboptimal image quality [14]. Image artifacts in the heart induced by an S-ICD is expected
to be larger than the artifacts induced by a transvenous ICD, because the former is twice as
large in size and implanted closer to the heart.

Two research groups have recently reported the usefulness of “wideband” late gadolinium
enhanced (LGE)[15, 16] pulse sequences for suppressing image artifacts induced by the
generator of a CIED. Because S-ICDs are relatively new to the market, the capability of
wideband LGE MRI to suppress image artifacts in a patient with an MR-conditional S-1CD
is unknown. This case report seeks to bridge the aforementioned gap in knowledge.

Case Report

A 36-year-old man with ischemic cardiomyopathy was referred for a cardiac MRI ten
months after S-ICD implantation, in order to rule out constrictive pericarditis. The patient
had a past medical history of alcohol abuse, marijuana use, hypertension, dyslipidemia,
smoking, left ventricle (LV) thrombus, myocardial infarction, and LV ejection fraction of
25%. As shown in Figure 1A, an MR-conditional S-ICD (Boston Scientific S-ICD, model
A209 Emblem) was implanted on the patient’s left side near the apex of LV, and a Q-TRAK
subcutaneous electrode lead (model Cameron Health 3400) was implanted subcutaneously
from the device pocket along the rib margin to the sternum.

The patient was scanned on a whole-body 1.5T MRI scanner (Magnetom Avanto, Siemens
Healthcare, Erlangen, Germany) using a recommended guideline [10], which included
interrogation and programming before and after MRI by an electrophysiology staff,
monitoring the patient throughout the MRI by a nurse staff, and specific absorption rate
(SAR) < 2.0 W/kg. As per institutional clinical practice, after explaining the risks, a written
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consent was obtained from the patient by a physician. The MRI protocol included cardiac
cine and LGE MRI acquisitions with standard imaging parameters [17]. For technical details
such as the frequency bandwidth of the inversion pulse used in wideband LGE MRI, see
reference [16]. Other than the inversion pulse, both standard and wideband LGE MRI scans
used identical set of parameters, including: field of view = 360 mm x 270 mm, TE = 1.52
ms, TR = 3.9 ms, flip angle = 25°, receiver bandwidth = 501 Hz /pixel, slice thickness = 7
mm. Cardiac cine images produced significant signal voids caused by the S-1CD (Figure
1B). Standard LGE images in short-axis (Figure 1C) and long-axis (Figure 1D) planes
showed severe image artifacts, which rendered them useless. In contrast, wideband LGE
images in short-axis (Figure 1E) and long-axis (Figure 1F) planes showed significantly
reduced image artifacts and enabled our readers to appreciate scar borders and pericardial
space more clearly.

As per institutional clinical practice, the patient’s heart rhythm was closely monitored
throughout the scan. The MRI scan was considered uneventful, since no rhythm disturbances
were detected during MRI by an external patient monitoring device as well as by the
patient’s S-1CD. Device interrogation immediately and two weeks after MRI reported to be
stable and fully operational. At 2 weeks following MRI, the device had normal lead
impedance measurements and 90% battery life remaining, which is within the expected
range of an 11-month old device. The patient also reported as not having any problems with
the device.

Discussion

This report shows, to our knowledge, first case of successful wideband LGE MRI in a
patient with an MR-conditional S-ICD. Compared with standard LGE, wideband LGE
produced significantly less image artifacts and enabled readers to appreciate myocardial scar
borders and pericardial space. The artifact suppression level in a patient implanted with an
S-1CD shown in this report is comparable with the artifact suppression level in patients
implanted with TV-ICDs reported in prior wideband MRI studies [15, 16, 18-20]. In this
context, the results in this report are remarkable since an S-ICD is twice as large in size and
implanted closer to the heart than a TV-ICD.

The capability of wideband LGE MRI to suppress image artifacts in patients with a CIED
has important clinical implications. First, non-invasive assessment of myocardial scar is
clinically important for guiding VT ablation in patients with a CIED, because pre-test
evaluation of myocardial scar may lead to higher procedural success rates (e.g., a lower need
of RF delivery) and better outcomes (e.g., higher rates of noninducibility after ablation, VT-
recurrence-free survival) [21]. Second, wideband LGE MRI might be useful for guiding
cardiac resynchronization therapy (CRT) upgrade implantation in patients with a pacemaker
or TV-ICD, since scar evaluation might be useful for identifying optimal sites for pacing
leads [22-24]. Third, wideband LGE MRI might be useful for reevaluating the risk for
sudden cardiac death in patients for whom a battery replacement for an ICD is due.

In summary, wideband LGE MRI is useful for assessing myocardial scarring in patients with
an MR-conditional S-ICD.
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Highlights

Image artifacts in standard LGE MRI are severe in patients implanted with an
ICD

Image artifacts induced by an S-ICD is expected to be larger than the artifacts
induced by a TV-ICD.

Wideband LGE MRI provides unobstructed viewing of scar in patients with
an S-ICD
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Figure 1.
(A) Chest X-ray of a 37-year old man with an MR-conditional S-ICD implanted on the left

side. (B) Scout image in a short axis view the patient showing significant signal voids
induced by the S-ICD. (C and D) Standard LGE images in short-axis and 2-chamber planes.
(E and F) The corresponding wideband LGE images in short-axis and 2-chamber planes.
Arrows point to image artifact induced by the S-ICD. MRI images were obtained with
standard imaging parameters, including spatial resolution, inversion time, and gradient echo
readout.
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