
Introduction
Myocardial scar detection using cardiac magnetic reso-
nance (CMR) imaging with late gadolinium enhancement 
(LGE) facilitates diagnosis and clinical management in  
various cardiac conditions. For instance, it can help  
determine the etiology of heart failure and arrhythmias, 
assess myocardial viability, differentiate among cardiomy-

opathies, and guide electrophysiological interventions  
[1–4]. In patients with scar-related ventricular tachycardia 
(VT), performing CMR imaging before radiofrequency  
catheter ablation can help pre-procedural planning  
and scar mapping [5]. However, many patients with an  
indication for VT ablation already have an implantable  
cardioverter defibrillator (ICD)1, and this may be a contrain-
dication to a CMR examination. The population of patients 
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1   (1A, B) Standard LGE images in 2-chamber (1A) and 4-chamber (1B) views with hyperintensity (black asterisk) and breathing (white 
arrowheads) artifacts. (1C–E) Wideband LGE images in 2-chamber (1C), 4-chamber (1D), and short axis (1E) views with mid-myocardial 
contrast enhancement in the basal and midventricular anterior, septal, and inferior segments (black arrowheads).
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1  The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRI exam. MR imaging of patients with metallic implants brings 
specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously mentioned 
warning may not be applicable. Please contact the implant manufacturer for the specific conditional information. The conditions for MR safety are the responsibility  
of the implant manufacturer, not of Siemens Healthineers.
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with different cardiac implanted electronic devices (CIEDs)1 
is growing. Because CIED patients with electrical abnormal-
ities often have underlying structural heart disease, the  
indications for CMR examinations are expanding in this  
patient population. 

In the past, CMR was contraindicated in patients  
with CIEDs due to safety concerns. With the advent of 
MR-conditional CIEDs and the establishment of appropriate 
and strict safety protocols which allow CMR imaging in  
patients with CIEDs [6, 7], the number of these examina-
tions is growing. However, device- and lead-related  
artifacts can limit image interpretability and the clinical  
applicability of CMR in CIED patients, especially in the case 
of ICDs and cardiac resynchronization therapy pacemakers 
(CRT-Ps) or defibrillators (CRT-Ds) [8, 9]. There are two  
basic device artifacts in late gadolinium enhancement 
(LGE) imaging: 
1) Hyperintense regions which were not inverted due  

to the limited inversion bandwidth 
2) Signal voids due to dephasing, caused by gradient  

generally along the widest voxel dimension [10].
A high-bandwidth inversion recovery sequence uses  
wideband (WB) techniques to reduce susceptibility  
artifacts2. This extends the benefit of tissue characteriza-
tion to device patients, enabling them to receive diagnosti-
cally robust imaging that visualizes myocardial injury. 
Wideband LGE CMR techniques have been developed to  
attenuate these image artifacts and enhance the  
diagnostic value of CMR in CIED patients [10, 11]. 

At our institution we are using a 1.5T MR scanner 
(MAGNETOM Aera, Siemens Healthcare, Erlangen,  
Germany) and two types of WB protocols to reduce  
susceptibility and off-resonance artifacts in examinations 
with CIEDs. The spatial resolution is the same for both  
protocols: 1.4 x 1.4 x 8.0 mm3. The first protocol is a  
shorter single-shot breath-controlled sequence. The second 
uses a single-shot data acquisition method in combination 
with phase-sensitive inversion recovery (PSIR) and motion 
correction (MoCo) for reconstruction, which allows  
measurements to be taken under free-breathing conditions 
[12]. Signal-to-noise ratio (SNR) loss from the accelerated 
single-shot acquisition is offset by increasing the number 
of averages. For ICD imaging with more severe artifacts, 
we suggest at least 24 averages (with thinner slices –  
e.g., 4 mm). For pacemakers – where the artifacts are  
less intense – we can reduce the number of averages to 
16. Free-breathing measurements take slightly longer,  
but they provide more stable image quality without SNR 
loss or device-related image artifacts. 

The following two clinical cases demonstrate the  
clinical impact of the high-bandwidth inversion recovery 
sequence in everyday routine. 

Case 1 
A 45-year-old male patient with a CRT-D was referred  
for CMR imaging before VT ablation for scar mapping.

Patient history: In 2015, the patient had syncope.  
An electrocardiogram (ECG) showed wide QRS and first- 
degree AV block, and 24-hour Holter monitoring detected 
polymorphic ventricular premature beats. The CMR  
examination in 2015 showed dilated cardiomyopathy  
with extended LGE with a non-ischemic pattern. During  
the electrophysiological examination, sustained VT could 
be induced. After radiofrequency catheter ablation, the VT 
persisted with altered morphology, which indicated ICD  
implantation. Over the years, appropriate ICD shocks were 
detected on several occasions. Because of the progression 
of heart failure, VT ablation was repeated in 2020 and  
the ICD was upgraded to a CRT-D (St. Jude Quadra Assura 
3371-40C).

The patient has since had repeated VTs, which  
necessitated another VT ablation and a CMR examination 
for scar mapping. Before CMR scanning, the patient – who 
has a non-conditional CIED – underwent device interroga-
tion. As the patient was pacemaker-dependent, the pacing 
mode was programmed to DOO-RV-only asynchronous  
bipolar pacing with high pacing energy (5.0 V/1.0 msec). 
All tachyarrhythmia detection and therapies were switched 
off. Protocols developed for safely performing CMR  
imaging in patients with CIEDs were followed [13, 14].  
Intraprocedural monitoring was performed with a continu-
ous electrocardiogram, pulse oximetry, and non-invasive 
blood pressure measurements. The specific absorption  
rate was limited to 2.0 W/kg. No adverse events occurred. 
Following completion of the CMR scan, the original device 
settings were reinstated.

The CMR examination was performed in a 1.5T  
scanner (MAGNETOM Aera, Siemens Healthcare, Erlangen, 
Germany). After standard scout slices, spoiled gradient 
echo imaging was performed to assess cardiac volumes 
and function. An intravenous bolus of gadobutrol  
(0.15 mmol/kg) was injected. Ten minutes after the  
injection, standard LGE and free-breathing WB LGE images 
were acquired in 2-, 3-, and 4-chamber views. WB LGE  
images were acquired, as well as short-axis images with 
full coverage of the left ventricle with free breathing and 
the MoCo algorithm.

Hyperintensity artifacts in the anterior segments, as 
well as breathing artifacts, limited the interpretability of 
standard LGE images (Figs. 1A, B). No artifacts affected  
the left ventricular segments on the WB LGE images, and 
midmyocardial contrast enhancement was present in the 
basal and midventricular anterior, septal, and inferior  
segments (Figs. 1C–E). The WB LGE images were processed 
with ADAS-3D software (Galgo Medical SL, Barcelona, 

2  High-bandwidth Inversion Recovery is a product with software version syngo MR XA 30/31. The sequence used in the article was a prototype.
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Spain) for channel detection. Following semiautomatic 
endo- and epicardial contour detection, ten concentric sur-
face layers were created automatically from endocardium 
to epicardium. A 3D shell was created for each layer. Based 
on signal intensities, scar core, border zone, and healthy 
myocardium were identified. A conducting channel was 
defined as a corridor in the border zone between two  
scar-core areas [5].
After invasive electroanatomic mapping (EAM) – supported 
by the CMR images – VT ablation was repeated in the  
septal region. During a four-month clinical follow-up,  
no ventricular arrhythmias were detected.

Case 2
A 64-year-old male patient with prior myocardial infarction 
and ICD (Biotronic Itrevia 5 VR-T DX) implantation was  
referred for CMR imaging. The patient had an ST-elevated 
myocardial infarction in 2016, and a percutaneous  
coronary intervention with stent implantation in the  
right coronary artery was performed. Six months later, 
monomorphic VT occurred. Coronary angiography showed 
in-stent restenosis, which required reintervention with 
stent implantation. As the VT recurred, VT ablation and  
ICD implantation were performed in 2016. In 2020 and 
2021, appropriate ICD therapies occurred several times, 
which indicated a repeated VT ablation.

Prior to the VT ablation, CMR for scar mapping was 
performed with the same protocol described in our first 
case report. As the patient was not pacemaker-dependent, 
the MR-conditional ICD was turned off during the CMR  
examination.

Taking into account the proximity of the ICD, we de-
tected large susceptibility and off-resonance artifacts at the 
left ventricular anterior and anterolateral segments on the 
standard LGE images (Figs. 2A, B). Such artifacts would 
make the correct diagnosis impossible. However, the 
high-bandwidth inversion recovery sequence allowed  
us to completely diminish both the off-resonance and  
susceptibility artifacts, and to detect transmural contrast 
enhancement in the inferior and inferolateral segments 
corresponding to the previous myocardial infarction  
(Figs. 2C–E). Potentially arrhythmogenic conducting  
channels were identified using the ADAS 3D software  
(Fig. 3).

Using the EAM and CMR images, extended epi- and  
endocardial ablation was performed in the inferior region. 
During a five-month clinical follow-up, no VT was detected 
by the ICD.

Discussion
LGE-CMR can accurately identify fibrotic myocardium and 
the potential arrhythmogenic substrate. 

2   (2A, B) Standard LGE images in 2-chamber (2A) and 4-chamber (2B) views with hyperintensity off-resonance artifacts (black asterisk) in the 
anterior and anterolateral segments, and susceptibility artifacts (white asterisk) in the anterior segments. (2C–E) Wideband LGE images in 
2-chamber (2C), 4-chamber (2D), and short axis (2E) views with transmural contrast enhancement in the inferior and inferolateral segments 
(black arrowheads).
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It is therefore a widely used technique for planning abla-
tion procedures [15, 16]. Previous data demonstrated that 
CMR-aided  
VT ablation was associated with a lower need for radiofre-
quency delivery, lower VT inducibility after substrate  
ablation, and lower VT recurrence rate [5]. Nevertheless, 
most patients referred to VT ablation already have a CIED. 
With conventional CMR, the quality of LGE images is  
usually poor due to metal-induced artifacts, especially  
in the left ventricular anterior segments [9]. The device 
generator causes off-resonance hyperintensity artifacts 
within the myocardium. These artifacts appear similar to 
the LGE of scar tissue, which can lead to false diagnoses.

In this report, we presented two patient cases: one 
with a non-MR-conditional CRT-D, and one with an  
MR-conditional ICD. The safety protocols were followed 
and no adverse events occurred. We found that using WB 
LGE increased the image quality independently of the type 
of device. Do et al. investigated the safety of CMR and the 
interpretability of images using WB LGE in 111 patients 
with a non-MR-conditional CIED, using a self-developed 
wideband pulse sequence. In 87% of the study population, 
the WB technique yielded artifact-free images; just 3% of 
cases had significant artifacts that limited or undermined 
interpretation of the study [17].

In the CMR studies presented here, free-breathing  
WB LGE was performed. Previous data suggest that 
free-breathing WB single-shot LGE and WB-segmented  
LGE produce similarly improved image quality compared  

to standard LGE. Schwartz et al. found that the percentage 
of diagnostically interpretable myocardial segments was 
72% for standard LGE, 89% for WB-segmented LGE, and 
94% for free-breathing WB single-shot LGE [18]. According 
to our experiences, CIED patients may have difficulties  
with breath-holds because of underlying heart disease.  
The high-bandwidth inversion recovery application  
can diminish both the device-related artifacts and the 
breathing artifacts. However, acquisition times are longer 
in the free-breathing WB sequence than in a single-shot 
breath-controlled sequence.

Several studies have demonstrated the clinical benefit 
of using WB LGE in CIED patients. Bhuva et al. found that 
WB LGE resulted in changed clinical management in 75%  
of ICD patients and 19% of pacemaker patients when  
compared to imaging with standard LGE sequences, based 
on 136 CMR studies [10]. Singh et al. investigated the 
agreement between LGE images (standard and WB) and 
invasive EAM in 27 patients with ICD who underwent VT 
ablation. With standard LGE, the presence and location of 
LGE agreed with at least one focus of scar on EAM in 10 
out of the 27 cases. In contrast, agreement with EAM was 
noted in 21 of the 27 cases when WB LGE was used [19].  
In another study, conducting channels were identified  
using ADAS 3D software before VT ablation, based on WB 
LGE images in 13 ICD patients and on standard LGE images 
in 26 patients without CIED. The two groups were matched 
according to the type of cardiomyopathy, scar location, and 
age. The agreement between CMR and EAM was 85.1% 
and 92.2% in the WB group and the standard LGE group, 
respectively. The researchers found no differences in 
false-positive rates or false-negative rates between the  
two groups [20].

Conclusion
In this report, we presented our experience with the  
new high-bandwidth inversion recovery sequence in CIED 
patients. By reporting on the cases of two patients – one 
with non-ischemic and one with ischemic cardiac disease 
– we demonstrated that WB LGE sequences have a  
substantial impact on diagnosis and treatment in CIED  
patients.
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3   Detection of scar in red, border zones in yellow, and normal tissue 
in blue using ADAS 3D software. Conducting channels were 
identified as a corridor in the border zone between two core areas.
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