
New Insight into Scar-related Ventricular Tachycardia Circuits in 
Ischemic Cardiomyopathy: Fat Deposition after Myocardial 
Infarction on Computed Tomography: A Pilot Study

Takeshi Sasaki, MD1, Hugh Calkins, MD1, Christopher F. Miller, MS1, Menekhem M. Zviman, 
PhD1, Vadim Zipunnikov, PhD2, Tomio Arai, MD3, Motoji Sawabe, MD4, Masashiro 
Terashima, MD5, Joseph E. Marine, MD1, Ronald D. Berger, MD1, Saman Nazarian, MD1, 
and Stefan L. Zimmerman, MD6

1Department of Cardiology, Johns Hopkins University

2Department of Biostatistics, Johns Hopkins University

3Department of Pathology, Tokyo Metropolitan Geriatric Hospital

4Department of Molecular Pathology, Tokyo Medical and Dental University

5Cardiovascular Imaging Clinic Iidabashi, Tokyo

6Department of Radiology and Radiological Sciences, Johns Hopkins University

Abstract

Background—Myocardial fat deposition (FAT-DEP) has been frequently observed in regions of 

chronic myocardial infarction in patients with ischemic cardiomyopathy (ICM). The role of FAT-

DEP within scar-related ventricular tachycardia (VT) circuits has not been investigated.

Objective—This pilot study aimed to assess the impact of myocardial FAT-DEP on local 

electrograms and VT circuits in patients with ICM.

Methods—Contrast-enhanced computed tomography (CE-CT) was performed in 22 patients with 

ischemic VT. Electroanatomic map (EAM) points were registered to corresponding CE-CT 

images. Myocardial FAT-DEP were identified and characterized using a post-processing image 

overlay that highlighted areas below 0 Hounsfield units (HU). The mean attenuation of local 

myocardial regions corresponding to sampled electrograms was measured on short axis images. 

The associations of mean attenuation with bipolar and unipolar amplitudes, left ventricular (LV) 

wall thickness and VT circuit sites were investigated.
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Results—Of 1801 EAM points, 519 (28.8%) were located in regions with FAT-DEP. Significant 

differences were observed in mean intensity (23.2±35.6 vs. 81.7±21.9 HU, P<0.001), bipolar 

(0.75±0.83 vs 2.9±2.4 mV, P<0.001) and unipolar (3.1±1.7 vs. 7.4±4.3 mV, P<0.001) amplitudes 

and LV wall thickness (5.2±1.7 vs. 8.2±2.5 mm, P<0.001) between regions with and without 

FAT-DEP. Lower HU was strongly associated with lower bipolar and unipolar amplitude 

(P<0.0001, respectively). Importantly, FAT-DEP was associated with critical VT circuit sites with 

fractionated or isolated potentials.

Conclusions—FAT-DEP was associated with electrogram features and VT circuit sites. Further 

work will be needed to determine whether FAT-DEP plays a causal role in the generation of 

ischemic scar-related VT circuits.
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Introduction

Myocardial fat deposition (FAT-DEP) or lipomatous metaplasia has been frequently 

observed in regions of chronic myocardial infarction in patients with ischemic 

cardiomyopathy (ICM).1–7 Baroldi et al. have shown that myocardial regions with FAT-

DEP co-exist with areas of fibrosis that form the substrate of life threatening reentrant 

ventricular tachycardia (VT).1,2 Similar to FAT-DEP, ischemic scar-related VTs occur more 

often late after the onset of myocardial infarction. Previous reports have shown the 

association of ischemic scar on late-gadolinium enhanced cardiac magnetic resonance 

(LGE-CMR) with local electrogram characteristics such as bipolar and unipolar voltage, 

electrogram duration and fractionated or isolated potentials.8,9 Critical VT circuit sites 

associate closely with conducting channels within scar identified on LGE-CMR. In a recent 

study, Pouliopoulos et al have demonstrated that increased intramyocardial adipose tissue in 

sheep is significantly associated with altered electrophysiological properties such as slower 

conduction velocity and lower electrogram amplitude, and has an impact on scar-related VT 

circuits.10 Computed tomography (CT) offers higher spatial resolution and can identify fat 

tissue based on CT attenuation density values (Hounsfield units, HU).3–6 In addition, 

contrast-enhanced computed tomography (CE-CT) can accurately define anatomical 

structures including chamber boundaries and coronary arteries, which can be integrated into 

electroanatomic mapping (EAM) systems. The limitations of CT include ionizing radiation, 

and lower contrast to noise ratio. However, recent technologic advances with multi-detector 

scanners have mitigated both of these issues. This pilot study aimed to a) quantitatively 

examine the association of FAT-DEP on CE-CT with local electrogram characteristics and 

b) define the association of FAT-DEP with reentrant VT circuits in patients with ICM.

Methods

Study patients

The Institutional Review Board of Johns Hopkins University approved the retrospective 

study protocol. All patients had provided written informed consent. The study included 22 
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ICM patients (66±9 years, 21 males).who had CE-CT before catheter ablation of scar-related 

VTs and 20 ICM patients (70±8 years, 16 males) without a history of VTs as an age-

matched control group. CE-CT was performed for 3D anatomical guidance during VT 

ablation (22 patients) or assessment of coronary artery stenosis (20 patients). Of 22 patients 

with ischemic scar-related VTs, 19 patients had implantable cardioverter defibrillator (ICD) 

or biventricular ICD systems. A subset of 10 patients underwent both LGE-MRI and CE-CT 

examinations.

Cardiac CT Examinations

All CE-CT examinations were performed on a 320 detector-row CT scanner (Aquilion One, 

Toshiba, Medical Systems, Otawara, Japan). Iodinated contrast was injected intravenously. 

The scan parameters were as follows:, 320×0.5 mm collimation, 500 ms rotation time, 

temporal resolution 125–250 milliseconds, 100–120 kV, and 350–500mAs. The image data 

were reformatted into short axis images with 8mm slice thickness, to match the LGE-CMR 

slice thickness.

CMR studies

CMR examinations were performed with a 1.5T CMR scanner (Avanto, Siemens, Erlangen, 

Germany). In patients with ICD systems, potential risks were explained and CMR were 

performed using our established protocol.11 Standard steady-state free precession cine 

images were acquired in multiple cardiac planes. Ten minutes after the injection of the 

contrast medium, LGE-CMR images were obtained in short axis with a segmented 

inversion-recovery gradient-echo turbo fast low angle shot sequence with TR 1 R-R interval, 

TE 1.04 ms, flip angle 25°, average in-plane resolution 1.3×1.3 mm, slice thickness 8 mm, 

and inversion time typically 240–360 ms.8

CT Image Analysis

CT datasets were reconstructed in 8mm thick slices in the short-axis imaging plane using a 

dedicated workstation (ZIOSTATION; Ziosoft, Tokyo, Japan). The mean intensity of each 

of 20 radial sectors per 8 mm short-axis plane was measured. Areas of myocardial FAT-

DEP were identified using a post-processing image overlay that highlighted areas between 

intensity of −180 and 0 Hounsfield units (HU).3,6,12 Identification of FAT-DEP was 

confirmed when the intensity met our criteria for an area larger than 1 mm2. Sectors with 

calcification were also identified.

CMR Image Analysis

For the subset of patients with LGE-CMR, QMass MR (Medis, Leiden, Netherlands) was 

used to measure scar transmurality. Candidate hyperenhanced regions were identified as scar 

if the mean intensity of the hyperenhanced region was >3 standard deviations above the 

mean intensity of remote normal myocardium.9 Scar transmurality was determined as 

previously described.13
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Electrophysiological Study

In patients with ICD systems, tachyarrhythmia therapies were disabled before the procedure. 

Ventricular programmed-stimulation to induce VT was performed with up to triple 

extrastimuli. If the induced VT sustained without hemodynamic collapse, electroanatomic 

map (EAM) was performed during the tachycardia. Otherwise, substrate mapping was 

performed during sinus rhythm or ventricular pacing.

Three-dimensional Electroanatomic Maps and Electrogram Characteristics

A 3-dimensional EAM system (CARTO, Biosense Webster, Inc., Diamond Bar, CA) was 

used to create endocardial voltage maps in the left ventricle (LV) during sinus rhythm or 

ventricular pacing using a 3.5 mm-tip electrode (Thermocool, Biosense Webster, Inc.). The 

reconstructed LV shell was registered to the LV EAMs.8,9 Registration accuracy was 

determined using statistical summation on the EAM system. Local bipolar and unipolar 

voltage and duration were measured (Figure 1B).8,9,14 Bipolar and unipolar electrograms 

were filtered at 10–400Hz and 1–240Hz, respectively. Electrogram duration was measured 

from the onset to the end of the electrogram deflections at 400mm/s speed. Fractionated 

potentials and isolated potentials on bipolar electrogram s were identified based upon 

previous criteria.15 Two independent observers analyzed electrogram characteristics. In 

accepting the electrogram in each EAM point, we confirmed that at least 2 consecutive 

electrograms had the same morphology to avoid electrogram artifact due to poor catheter 

contact.

Catheter Ablation of Scar-related VT

Catheter ablation was performed with maximum power of 50W for 30–60 seconds. Ablation 

targets were determined by pace mapping, and/or entrainment mapping during sustained VT. 

VT circuit sites of scar-related VT were defined as sites with12/12 ECG morphology pace-

map match to target VT, and/or concealed entrainment and post pacing interval minus VT 

cycle length <30 msec identified during stable VT.8,9,14 In addition, critical VT circuit sites 

were determined as the sites where catheter ablation successfully eliminated the target VT. 

Additional radiofrequency lesions targeted abnormal potentials such as isolated or 

fractionated potentials within scar or connecting scar to nearby non-conductive structures.8,9

Registration of EAM Points to CE-CT and LGE-CMR images

Each EAM point was superimposed onto the corresponding CE-CT planes using previously 

validated custom software (Volley, Johns Hopkins University) (Figure 1C). In a subgroup of 

patients with CMR studies, short axis LGE-CMR images were also retrospectively 

registered to the endocardial EAM.8,16

Statistical Analysis

Continuous variables are expressed as mean ± SD and categorical data as numbers or 

percentages. Comparisons of continuous variables regarding each electrogram parameter 

and LV wall thickness were made using ANOVA or a nonparametric test. Categorical 

variables were compared using the χ2 or Fisher’s exact tests. Comparisons of continuous 

variables regarding each electrogram parameter were made using ANOVA. Generalized 
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estimating equations models with a working exchangeable covariance structure were utilized 

to examine the association of electrogram parameter as the dependent variable with CT 

intensity, while adjusting for age, gender, BMI, LV ejection fraction and wall thickness as 

independent variables. Statistical analyses were performed using STATA and JMP software.

Results

Patients Characteristics

Twenty-two ICM patients with sustained monomorphic VTs and 20 ICM patients with no 

history of VTs comprised the study group and the age-matched control group. Baseline 

patient characteristics of both groups have been summarized in Table 1. FAT-DEP was 

identified on CE-CT in all patients with VTs and 16 (80%) patients without VTs. There 

were significant differences in the prevalence of FAT-DEP on CE-CT (100% vs 80%; 

P=0.049) in addition to body mass index (28.8±4.4 vs 23.0±2.5; P<0.001), years since 

diagnosis of myocardial infarction (14±7 vs.7±5 years; P=0.01), etc. between 2 groups.

FAT-DEP on Short Axis CT Planes in Patients with Ischemic VTs and controls

Of 3367 image sectors in short axis CE-CT planes reviewed, 2793 (83%) were suitable for 

analysis in patients with scar-related VTs (Figure 2). The remaining 17% were excluded due 

to lead artifacts in patients with ICD systems. In all patients with VTs, FAT-DEP was 

identified on 514 (18.4%) CE-CT sectors. In contrast, calcification was only observed in 38 

(1.4%) CE-CT sectors. Of 514 sectors, FAT-DEP was transmuraly identified in 214 (38.8%) 

sectors with FAT-DEP. In the control group, FAT-DEP on CE-CT was observed in 250 

(7.7%) of 3260 analyzed CE-CT sectors. Of 250 sectors with FAT-DEP, FAT-DEP was 

transmuraly identified in 45 sectors (18.0%). There are significant differences between the 

ICM patients with and without VTs in the extent of CE-CT sectors with FAT-DEP (18.4% 

vs. 7.7%; P<0.0001) and the presence of transmural FAT-DEP (38.8% vs. 18.0%; 

P<0.0001).

Comparison of Electrogram Characteristics between the Sectors with and without FAT-
DEP

Of 1801 EAM points registered to the CE-CT images, 519 (28.8%) were located in the 

sectors with FAT-DEP. The remaining 1220 (67.7%) points were located in the sectors 

without FAT-DEP. In addition, 62 (3.4%) points were located in the sectors with 

calcification. The LV shells segmented from CE-CT images were successfully merged with 

the endocardial LV EAM with a mean surface registration error of 2.5±0.6 mm. The sectors 

with FAT-DEP had lower mean CT intensity (23.2±35.6 vs. 81.7±21.9 HU, P<0.001), lower 

bipolar (0.75±0.83 vs. 2.9±2.4 mV, P<0.001) and unipolar voltage (3.1±1.7 vs. 7.4±4.3 mV, 

P<0.001), longer electrogram duration (126±45 vs. 102±32 ms, P<0.001) and thinner LV 

wall thickness (5.2±1.7 vs. 8.2±2.5 mm, P<0.001) compared with sectors without FAT-DEP 

(Figure 3). The sectors with calcification also had lower bipolar (0.3±0.3 mV) and unipolar 

(2.4±1.3 mV) voltages and thinner LV wall thickness (4.5±1.8 mm) compared with sectors 

without FAT-DEP (P<0.001, respectively).
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Association of CT Intensity with Electrogram Characteristics

Generalized estimating equations models demonstrated bipolar and unipolar voltages, 

electrogram duration and LV wall thickness were significantly associated with CE-CT 

intensity (P<0.001, Supplemental Table 1). Bipolar and unipolar voltage and LV wall 

thickness were positively associated with CE-CT intensity. Meanwhile, electrogram duration 

was negatively associated with CE-CT intensity. The mean CE-CT intensities of the sectors 

with >1.5mV, 0.5–1.5mV and <0.5mV on EAM were 86.1±21.1 HU, 52.4±27.2 HU and 

20.7±36.9 HU, respectively (P<0.0001, Figure 4A).

Association of FAT-DEP on CE-CT with Scar on LGE-CMR

A total of 485 sectors were correspondingly compared between CE-CT and LGE-CMR in 

the 10 patients that had both CE-CT and LGE-CMR. The incidence of FAT-DEP on CE-CT 

was significantly higher in the sectors with LGE on CMR than those without LGE (41.6% 

vs. 4.4%; P<0.001, Supplemental Figure 1). Therefore, some areas that display LGE retain 

contrast because of fat deposition, rather than fibrotic transformation. In addition, higher 

mean intensity on CE-CT was significantly associated with lower scar transmurality on 

LGE-CMR in the corresponding sectors. In fact, the mean intensities of the corresponding 

CE-CT sectors with 0%, 0–25%, 25–50%, 50–75% and 75–100% scar transmurality on 

LGE-CMR were 80.3±17.0 HU, 69.1±13.0HU, 57.3±12.2 HU, 42.1±14.8 HU and 

21.9±12.2 HU, respectively (P<0.0001, Figure 4B).

Association of FAT-DEP with Fractionated and Isolated Potentials

Of 1707 analyzed sectors, 13.2% had fractionated electrograms, and 2.4% had isolated 

potentials. Fractionated and isolated potential were more frequently observed in the sectors 

with FAT-DEP compared with those without FAT-DEP. Of 487 sectors with FAT-DEP, 

29.0% and 6.6% had fractionated and isolated potentials, respectively (P<0.001).

Association of FAT-DEP with Critical VT Circuit Sites

Of 32 critical VT circuit sites identified in this study, 16 (50%) were located in the sectors 

with FAT-DEP, and 8 sites (25%) were located adjacent to the sectors with FAT-DEP. 

Meanwhile, the remaining 8 sites (25%) were located in the sectors without FAT-DEP 

(Figure 5A). Mean CT intensities in the critical VT sites with FAT-DEP, adjacent to FAT-

DEP, without FAT-DEP were 11.1±22.8, 51.8±13.2 and 58.4±8.9, respectively (P<0.001, 

nonparametric). Critical VT sites without FAT-DEP were confined to regions with low 

voltage suggesting scar substrate. The electrogram characteristics of critical VT circuit sites 

have been summarized in Figure 5B. There were significant differences in unipolar voltage 

(P=0.009) and LV wall thickness (P=0.024) among regions without, with, or on the border 

of FAT-DEP. The VT circuit sites with FAT-DEP had lower bipolar and unipolar voltages, 

longer electrogram duration and thinner LV wall thickness than those adjacent to FAT-DEP 

or without FAT-DEP. Isolated potentials were only observed in the critical VT circuit sites 

with FAT-DEP (Figure 5C). Figure 6 demonstrated that a critical VT circuit site with 12/12 

pace match and a concealed entrainment was identified within FAT-DEP in a patient with 

inferior myocardial infarction and scar-related VT. Figure 6B showed that the segmented 
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FAT-DEP on EAM looks very similar to the bipolar voltage map and the segmented scar on 

LGE-CMR.

Discussion

FAT-DEP in Ischemic Scar-related VT

Previous reports have shown that myocardial FAT-DEP is frequently observed in patients 

with chronic myocardial infarction.1–7,17 In this pilot study, all patients with scar-related VT 

had FAT-DEP within the LV myocardium.1 Transmural and endocardial FAT-DEP patterns 

were predominantly observed, similar to the distribution of scar in ICM.18 Compared to 

control ICM patients with no prior history of VTs, the extent of FAT-DEP was greater in 

ICM patients with VTs. Given that FAT-DEP was observed in all patients with ischemic 

VTs, FAT-DEP might be associated with the pathogenesis of scar-related VT circuits. 

However, it is important to note that causal relationships cannot be determined on the basis 

of this study and further work will be necessary to elucidate whether fat tissue plays a role in 

arrhythmogenic slow conducting circuits or is rather merely a marker of at-risk areas of 

myocardial scarring. The mechanism of FAT-DEP remains unclear. Goldfarb et al. have 

speculated that infarct myocardium is populated with adipose tissue following the 

replacement of infarct myocardium with fibrous scar tissue.7 Baroldi et al. have 

hypothesized that reduced myocardial contractility is involved in the pathogenesis of FAT-

DEP in infarct myocardium.1 According to these hypotheses, FAT-DEP arises as result of 

ventricular remodeling after myocardial infarction. FAT-DEP will negatively affect the 

remodeling process, leading to depressed regional ventricular mechanics and global 

ventricular function.6 FAT-DEP also may have negative effects on electrical conductivities 

within fibrotic scar tissue that will lead to circuit formations of scar-related VTs; however, 

the possibility of such effects needs further study.

FAT-DEP and Electrogram Characteristics

Decreased bipolar and unipolar voltages, prolonged electrogram duration, reduced LV wall 

thickness and the incidence of fractionated and isolated potentials were all associated with 

FAT-DEP. These associations are very similar to those of scar on LGE-CMR.8,9 In fact, in 

the subset of patients who also had a cardiac MRI, FAT-DEP was always a subset of regions 

with scar on LGE-CMR. Due to the nature of LGE-CMR, both FAT and scar are 

demonstrated as high intensity areas on LGE-CMR.6 Therefore, previous studies that have 

shown associations between local electrograms and LGE may have analyzed regions that 

were composed of both fat and fibrosis as homogeneous regions. This present study suggests 

that the existence of FAT-DEP is associated with lower voltage and longer electrogram 

duration.

Tissue Characterization on Contrast-enhanced CT

Gupta et al. reported a non-contrast enhanced CT intensity threshold of 21.7 HU to identify 

regions with myocardial infarction.19 In addition, Nikolaou et al. showed that the mean 

intensity of infarct regions was 54±19 HU versus 117±28 HU for non-infarcted 

myocardium.20 In this study, we have found similar results, with the median CT intensity of 

the regions with 0.5–1.5 mV bipolar voltage on EAM or 0–25% scar transmurality on LGE-
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CMR were 52.4±27.2 HU or 57.3±12.2 HU, respectively. Therefore, it may be feasible to 

identify low voltage regions using CE-CT noninvasively. The mean intensity of a sector is a 

composite pixel containing fat, fibrosis, and viable myocardium in each sector. Given that 

FAT-DEP always coexists with fibrosis,1,2 the sectors with intensity <0 HU on CE-CT may 

include more fat tissue than fibrosis. In contrast, the sectors with intensity > 0 HU may 

include more fibrosis and myocytes than fat tissue. Figure 7 illustrates a histologic example 

of FAT-DEP identified during autopsy of a patient who died of pneumonia 7 years post 

antero-septal myocardial infarction. FAT-DEPs exist adjacent to fibrosis within 

myocardium. Despite higher spatial resolution, the contrast to noise ratio of CE-CT with late 

enhancement techniques is lower than that provided by CMR. However, our results suggest 

that CE-CT can be helpful in patients with scar-related VT by identifying fat deposition that 

appears to co-exist with scar tissue.

The Role of FAT-DEP in Scar-related VT Circuits

The previous studies have electrophysiologically elucidated the details of scar-related VT 

circuits.21,22 The non-conductive barriers to conduction and slowly conducting zones that 

form VT substrates have been considered to be due to myocardial fibrosis. Prior LGE-CMR 

studies regarding VT substrates have also pointed to fibrosis as the primary barrier to 

conduction and/or mediator of slow conduction zones.23 Some reports have focused more on 

the importance of heterogeneity of signal intensity on LGE-CMR in scar-related VT 

circuits.16 However, prior reports have not described the impact of FAT-DEP. This is the 

first report that demonstrated the association of FAT-DEP on CE-CT images with scar-

related VT circuits in patients with ICM. Indeed, 75% of the critical VT circuit sites were 

located in the regions with FAT-DEP or the regions adjacent to FAT-DEP. This finding 

seems to be very similar to the etiology of scar-related VTs in arrhythmogenic right 

ventricular cardiomyopathy (ARVC).24 The pathophysiology of ARVC suggests that fat 

infiltration has a significant impact upon arrhythmogenecity.15,25 In addition, isolated 

potentials during sinus rhythm or mid diastolic potentials during VT are frequently observed 

during VT ablation in ARVC patients. Similarly, in our study isolated potentials were 

frequently observed in regions with FAT-DEP. Since fat works as an electrical insulator, 

fibrosis along with FAT-DEP might support slow conduction within VT circuits. However, 

it is important to note that fat was also seen in control patients with prior ischemia and no 

VT, although to a lesser extent.

Clinical Implication

LGE-CMR has been recognized as the “gold standard” noninvasive modality for detection 

of scar tissue.13 However, many patients with scar-related VTs have an ICD system before 

VT ablation. Although CMR is feasible in patients with ICD systems, image susceptibility 

artifacts often limit the quality and utility of images.11 In contrast, image artifacts on CE-CT 

are far smaller than artifacts due to ICD generators on LGE-CMR.26 In addition, CT 

acquisition is easy and quick and can be performed in any ICM patients with exception of 

those with renal failure or history of allergic reaction to iodinated contrast media. This pilot 

study has revealed that FAT-DEP after myocardial infarction is strongly associated with 

local electrogram characteristics and some of VT circuit sites. This finding suggests that CE-

CT may be used as an alternative to LGE-CMR for detecting scar tissue and scar-related VT 
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circuit sites. Further study is required to investigate the potential that FAT-DEP on CE-CT 

may enable the identification of critical sites for scar-related VT circuits.

Limitations

The main limitation of this study is the relatively small sample size. Further prospective 

studies will be necessary to confirm our results in larger cohorts. In this study, 602 (16.4%) 

sectors on short axis CE-CT images were excluded due to artifacts from device leads. 

Intensity on CE-CT in myocardium is affected by myocardial contrast enhancement, which 

depends on a number of independent variables such as contrast injection protocol and 

cardiac output; therefore myocardial intensity will vary between patients.19 Results may also 

be limited by a possibility for positional errors when registering EAM points to LGE-CMR 

images.8,9,14 In addition, we do not have pathologic proof that the low attenuation pixels 

correspond to fat in this study; however, the correlation of CT intensities with fat deposition 

has been well established.3–5,12, 20 The percentage of sectors containing any fat and those 

with transmural fat were both significantly lower in the control group, which suggests that 

the controls had less extensive fat. However, we were unable to precisely measure the 

absolute quantity of fat in these groups due to ICD artifacts and it is possible that the 

absolute quantity of fat may be similar between groups but only differs in distribution 

throughout the LV. These potential differences of FAT-DEPs between ICM patients with 

and without scar-related VTs will need to be further investigated in future studies. 

Measurement of electrogram duration may differ depending upon the criteria for analysis. 

Inter-observer reliability analysis was not formally performed. However, disagreements 

among the three observers were rare.

Conclusions

FAT-DEP after myocardial infarction on CE-CT was strongly associated with bipolar and 

unipolar voltage, electrogram duration and critical VT circuit sites in this pilot study. These 

associations suggest that FAT-DEP within infarcted myocardium may play a significant role 

in the generation of scar-related VT circuits in patients with ICM. Regions with FAT-DEP 

may provide new targets for VT ablation. These results provide novel information that may 

complement current strategies for the identification and targeting of the VT substrate in 

patients with ICM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

FAT-DEP fat deposition

ICM ischemic cardiomyopathy

VT ventricular tachycardia

LGE-CMR Late gadolinium enhanced cardiac manetic resonance

CE-CT contrast-enhanced computed tomography

EAM electroanatomic map

ICD Implantable cardioverter defibrillator

LV left ventricle

HU Hounsfield units

ARVC arrhythmogenic right ventricular cardiomyopathy
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Clinical Perspectives

Fat deposition within myocardial infarction has frequently been observed in patients with 

ICM. The association of scar on LGE-CMR with local electrogram characteristics and 

critical VT circuit sites has been investigated. Here we sought to elucidate the association 

of fat deposition on CE-CT with local electrograms and critical VT circuit sites in 

patients undergoing catheter ablation of scar-related monomorphic VTs. We also 

compared the electrograms near LGE regions on CMR and fat deposition on CE-CT in a 

subset of patients. Fat depositions on CE-CT were significantly associated with local 

electrogram characteristics and critical VT circuit sites, similar to the associations with 

LGE on CMR. Lower bipolar and unipolar amplitudes and longer electrogram duration 

were associated with increased fat deposition. In addition, 75% of critical VT circuit sites 

were identified in infarct regions with fat deposition. In patients with ischemic scar-

related VTs, the use of LGE-CMR may by limited due to artifacts by implantable 

cardioverter defibrillators even with MRI-conditional devices. However, CE-CT is 

readily available in those patients. Prior knowledge of the associations of fat depositions 

within infarct scar and local electrograms or VT circuit sites should provide useful 

information for catheter ablation of post-infarct scar-related VTs. Further prospective 

study will be required to elucidate any causal association of fat deposition with VT 

circuit generation and to verify the impact of fat targeting based upon preprocedural CE-

CT on ablation outcomes in ICM patients with scar-related VTs.
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Figure 1. Methods
(A) In the left-side panels, Fat depositions (FAT-DEP) identified as low attenuation regions 

on contrast enhanced computed tomography (CE-CT) are indicated by red arrows (left 

panels) in 2 different patients with ischemic cardiomyopathy. FAT-DEPs on CE-CT are also 

highlighted by a red mask based upon intensity measurements (CT values from −180 to 0 

Hounsfield units). Late gadolinium-enhanced cardiac magnetic resonance (LGE-CMR) 

shows enhancement in the corresponding plane to CE-CT. (B) Electrogram (EGM) 

parameters and potential types were assessed. (C) Electroanatomic Map (EAM) points were 
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superimposed onto the corresponding short axis CE-CT images divided into 20 radial 

sectors.
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Figure 2. Fat Depositions in Ischemic Scar-related VTs
Pie graph demonstrating the distribution of sectors with FAT-DEP, without FAT-DEP, 

calcification, and lead artifact. Abbreviations as in Figure 1.
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Figure 3. Comparison of Electrogram Characteristics between the Sectors with and without 
FAT-DEP
electrogram parameters between the CE-CT sectors with and without FAT-DEP were 

compared with boxplot graphs demonstrating the median (white line), interquartile range 

(solid box), range (black line), and outliers. Abbreviations as in Figure 1.
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Figure 4. CT Intensity in Regions with Low Voltage Area on EAM and Scar on LGE-CMR
The mean CT intensities in normal myocardium with >1.5mV bipolar voltage on 

electroanatomic map (EAM) and no scar on LGE-CMR were 86.1±21.1 HU and, 80.3±17.0 

HU, respectively. In addition, the mean intensities in transmural scar with 0.5mV> bipolar 

voltage and >75% scar transmurality were 20.7±36.9 HU and 21.9±12.2 HU, respectively. 

HU=Hounsfield unit, LGE-CMR=late gadolinium enhanced cardiac magnetic resonance
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Figure 5. Association of Fat Depositions with VT Circuit Sites
The figure summarizes electrogram characteristics of 32 VT circuit sites among sites 

stratified by the absence of fat depositions (FAT-DEP), being on the border of FAT-DEP, or 

within regions of FAT-DEP.
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Figure 6. VT Circuit Sites within the Area with Fat Depositions in a Case with inferior 
myocardial Infarction
(A) Bipolar voltage map shows large low voltage area in regions with inferior myocardial 

infarction. (B) The segmented FAT-DEP on EAM looks very similar to the bipolar voltage 

map and the segmented scar on LGE-CMR. (C, D) A critical VT circuit site with 12/12 pace 

match and a concealed entrainment was identified within FAT-DEP. (E) FAT-DEP on CE-

CT and (F) scar on LGE-CMR was identified in the same area with myocardial infarction.
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Figure 7. Histology of Fat Depositions in a Case with Anteroseptal Myocardial Infarction
Fat depositions within myocardium in the left ventricle (LV) were observed (A) 

macroscopically and (B) microscopically in a patient with anteroseptal myocardial 

infarction.
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Table 1

Patient Characteristics

ICM with
VTs

N=22

Control
N=20

P Value

Age [years] 66±9 70±8 0.09

Gender Male / Female 21 / 1 16 / 4 0.18

Body mass index [kg/m2] 28.8±4.4 23.0±2.5 <0.001

Myocardial Infarction

  Anteroseptal/Inferior/lateral/multi-vessel 8 / 9 / 3 / 2 9 / 7 / 1 / 3 0.70

Years since diagnosis of myocardial Infarction [years] 14±7 7±5 0.01

LV Fat Deposition on CT 22 (100%) 16 (80%) 0.043

Intramural Calcification in LV on CT 5 (24%) 0 (0%) 0.049

CT with In-situ ICD or Biventricular ICD 20 (91%) 0 (0%) <0.001

MRI Scans [%] 10 (46%) 0 (0%) <0.001

Echocardiographic Findings

  LV Ejection Fraction [%] 28±14 46±10 <0.001

  LV Diastolic Diameter [mm] 59±16 53±4 0.009

Use of Antiarrhythmic Drug

  Amiodarone/Sotalol/β Blocker 16 / 2 / 14 0 / 0 / 15 0.001

Total Number of Induced VTs (22 patietns) 42 (−)

  Mean Cycle Length [msec] 411±127 (−)

  Morphologies

    Right / Left Bundle Branch Block 32 / 10 (−)

    Superior / Inferior Axis 22 / 20 (−)
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