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Background-—Fat deposition (FD) is part of the healing process after myocardial infarction. The characteristics of FD and its
impact on the outcome in patients undergoing ventricular tachycardia (VT) ablation have not been thoroughly studied.

Methods and Results-—We studied consecutive patients undergoing post–myocardial infarction VT ablation with pre-procedural
cardiac computed tomography. FD was defined as intra-myocardial attenuation ≤ �30 HU on computed tomography. Clinical,
anatomical, and post-procedural outcome was assessed in the overall population. Electrophysiological characteristics were
assessed is a subgroup of patients with high-density electro-anatomical maps. Sixty-nine patients were included (66�12 years).
FD was detected in 44 (64%) patients. The presence of FD related to scar age (odds ratio [OR]: 1.14 per year; P=0.001) and scar
extent (OR: 1.27 per segment; P=0.02). On electro-anatomical maps, FD was characterized by lower bipolar amplitude (P<0.001)
and prolonged electrogram duration (P<0.001). Although the proportion of local abnormal ventricular activation was similar
(P=0.22), local abnormal ventricular activation showed lower amplitude (P<0.001) and were more delayed (P<0.001) in scars with
FD. After a mean follow-up of 26 months, patients with FD experienced a worse outcome including all-cause mortality and VT
recurrence (70% versus 28%, P log rank=0.009). On multivariate analysis, FD (hazard ratio=2.69; 95% CI, 1.12–6.46; P=0.027) and
left ventricular systolic dysfunction (hazard ratio=2.57; 95% CI, 1.13–5.85; P=0.024) were independent predictors of adverse
outcomes.

Conclusions-—FD in patients with post–myocardial infarction VT undergoing catheter ablation relates to scar age and size and may
be a marker of adverse outcomes including all-cause mortality and VT recurrence. ( J Am Heart Assoc. 2019;8:e012482. DOI: 10.
1161/JAHA.119.012482.)
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V entricular tachycardia (VT) is a major complication of
myocardial infarction (MI) as it carries a substantial risk

of death. VT can occur late after the MI as a result of scar
remodeling, with areas of slow conduction promoting

electrical reentry.1 At the chronic stage, myocardial scar is
a partly viable tissue where multiple cells can coexist.2–4 The
dynamic process of myocardial healing increases the com-
plexity of the substrate underlying VT. Sub-endocardial fat

From the Department of Electrophysiology and Cardiac Pacing, Bordeaux University Hospital (CHU); Bordeaux, France (G.C., F.S., A.C., X.P., M.T., A.F., K.V., C.A.M.,
E.T., T.K., A.L., F.B., J.D., A.D., T.P., R.C., N.D., M. Hocini, M. Haissaguerre, P.J.); Department of Cardiovascular Imaging, Bordeaux University Hospital (CHU); Bordeaux,
France (S.S., F.L., M.M., H.C.); IHU Liryc, Electrophysiology and Heart Modeling Institute, Fondation Bordeaux Université, F-33600 Pessac- Bordeaux, France (G.C., F.S.,
A.C., M.T., A.F., K.V., C.A.M., E.T., T.K., A.L., F.B., S.P., J.D., A.D., T.P., R.C., N.D., M. Hocini, M. Haissaguerre, P.J., H.C.); Université de Bordeaux, Centre de Recherche
Cardio-Thoracique de Bordeaux, INSERM U1045, Bordeaux, France (G.C., F.S., A.C., M.T., A.F., K.V., C.A.M., E.T., T.K., A.L., F.B., S.P., J.D., A.D., T.P., R.C., N.D., M.
Hocini, M. Haissaguerre, P.J., H.C.); Department of Cardiology, Sahloul Hospital, Sousse University, Sousse, Tunisia (G.C.).

*Dr Cheniti and Dr Sridi are co-first authors.

Correspondence to: Ghassen Cheniti, MD, Department of Cardiac Pacing and Electrophysiology, Hôpital Cardiologique Haut L�evêque, Avenue de Magellan, 33600
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deposition (FD) within the scar is part of this healing process
after MI, and has been reported in about two-thirds of the
patients on imaging (computed tomography [CT] or magnetic
resonance imaging (MRI))5,6 and up to 84% on histology.7

Catheter ablation was shown to reduce adverse outcomes in
post–MI VT.8 However, many patients still experience VT
recurrence after ablation, and multiple shocks significantly
impact their quality of life and mortality.9,10 Part of this failure
rate is attributable to the complexity of the VT substrate. The
impact of FD on scar electrophysiological properties, arrhyth-
mogenicity, and outcomes after ablation has not been thor-
oughly studied. We sought to investigate the clinical,
anatomical, and electrophysiological characteristics of FD in
patients with ventricular tachycardia, and its relationship with
post-ablation outcome.

Methods
The authors declare that all data supporting the findings of this
study are available within the article. Interested investigators
can contact the authors if further information is needed.

Study Population and Design
In this pilot study, we included consecutive patients with a
history of MI who underwent catheter ablation for recurrent
sustained VT preceded by a CT scan in our institution between
March 2012 and March 2015. Exclusion criteria included
presence of a left ventricular assist device, history of prior
catheter ablation or LV surgery, severe renal failure or history
of severe allergic reaction to iodine contrast media precluding

contrast-enhanced CT, and failure to obtain patient consent.
Patients with inconclusive CT imaging were excluded. Based
on the analysis of CT images, 2 groups were identified
according to the presence of FD within scar. Clinical
characteristics, anatomical features, and post-VT ablation
outcome were compared between the 2 groups. In a subset of
patients with available electro-anatomical maps (EAM)
acquired during sinus rhythm at high density using a
multipolar high-density mapping catheter (PentaRay; Biosense
Webster, Diamond Bar, CA), CT data were registered to
characterize the electrophysiological properties in scars with
versus without FD. The study was approved by the local
Institutional Ethics Committee, and all patients provided
informed consent before inclusion.

CT Image Acquisition and Processing
Cardiac CT was performed using a contrast-enhanced cardiac-
gated method on a 64-slice scanner (Somatom Definition;
Siemens, Forchheim, Germany). Images were acquired during
the first pass of 120-mL iodine contrast media injected using
a biphasic protocol (ie, 60 mL of iodine contrast at the rate of
5 mL/s followed by 120 mL of a 50:50 mixture of saline and
contrast media, also at the rate of 5 mL/s). Images were
reconstructed using a soft tissue convolution filter at end-
diastole in a series of contiguous 1-mm-thick short-axis slices
encompassing the whole left ventricle (LV) from base to apex.
Typical in-plane resolution was 0.490.4 mm. Mean X-ray
exposure was 3.3�1.1 mSv. The LV was divided into 17
segments using the American Heart Association model.11 In
each segment, the following criteria were assessed: minimum
thickness, presence of fat defined as areas with attenuation
value ≤ �30 HU,12 transmural extent of fat, and the presence
of calcifications. Patients with multiple scars were included in
the FD group if any scar contained fat. Total scar area was
defined as the area with wall thickness ≤5 mm. In the subset
of patients with available high-density EAM during sinus
rhythm, images were segmented to derive 3-dimensional
meshes suitable for integration in mapping systems. Image
segmentation was performed using MUSIC software (IHU
Liryc, Bordeaux and Inria Sophia Antipolis, France), and
included all cardiac chambers, coronary vessels, as well as LV
wall thickness maps, myocardial fat (ie, pixels with attenua-
tion ≤ �30 HU), and calcification.

Electrophysiological Mapping and Ablation
Procedure
All anti-arrhythmic drugs except amiodarone were discontinued
for at least 5 half-lives before the ablation. EAM was performed
during sinus rhythm using Carto V3 or V4 (Biosense-Webster,
Diamond Bar, CA). After the acquisition of endocardial

Clinical Perspective

What Is New?

• Fat deposition is extremely prevalent within the scar in
patients referred for post–myocardial infarction ventricular
tachycardia; it relates to scar age and size, and typically
progresses as a patchy process.

• Scars with fat deposition show distinctive electrophysiological
properties including lower voltage, more delayed local abnor-
mal ventricular activation of lower amplitude, and possible
colocalization with critical ventricular tachycardia isthmuses.

• Fat deposition is potentially associated with a worse
outcome after ventricular tachycardia ablation including
all-cause mortality and ventricular tachycardia recurrence.

What Are the Clinical Implications?

• Subendocardial fat deposition is an important parameter
that should be assessed prior to ablation of ischemic
ventricular tachycardia.
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geometry, the 3D-EAM geometry was registered with the
imported CT model. Identifiable anatomic reference points
(coronary sinus, left atrium, right atrium, the aorta and mitral
annulus) were used as landmarks for alignment and orientation
of the 3D EAM and imaging models. Mapping was performed
with a multipolar high-density mapping catheter (PentaRayNav;
Biosense Webster). We defined a peak-to-peak bipolar ampli-
tude of <1.5 mV as the bipolar low-voltage zone and unipolar
amplitude <8.3 mV as the low unipolar voltage. During sinus
rhythm, local abnormal ventricular activities (LAVA) were
annotated as defined in reference.13 Additional ventricular
pacing maneuvers were performed to confirm LAVA potentials.
For each LAVA potential, the bipolar amplitude and the delay to
the local farfield were measured manually. VT inducibility was
tested in all patients before ablation. In patients with inducible,
stable, and hemodynamically tolerated VT, a VT map was
acquired to identify the critical isthmus of the VT circuit.

Catheter Ablation
Ablation was performed using an irrigated 4-mm tip-catheter
(Thermocool, Biosense Webster), with point by point radiofre-
quency applications up to 50 W. In sinus rhythm, ablation
targeted LAVA potentials. In patients with induced VT,
ablation was performed during VT by targeting the critical
isthmus, aiming at VT termination, and additional ablation was
performed during sinus rhythm to eliminate LAVA potentials.
Complete LAVA elimination was the main procedural end
point. The loss of VT inducibility was also a procedural end

point, but inducibility was not tested in case the VT induced
before ablation had required direct-current shock.

Statistical Analysis
Statistical analyses were performed using SPSS 24 (SPSS
Inc., Chicago, IL). Continuous variables are presented as the
mean�SD or median (25th percentile–75th percentile) as
appropriate. Differences between patient groups were tested
using the Student t-test or the Mann–Whitney U test, as
appropriate. The Chi-square test was applied for non-
continuous variables. The correlation between continuous
variables was analyzed using Pearson or Spearman tests as
appropriate. A multivariate stepwise logistic regression model
was built to identify independent clinical and anatomical
association with FD, the model’s entry criteria being a
P<0.1 on univariate analysis. Post-VT ablation outcome was
assessed on a combined end point including all-cause
mortality and VT recurrence. For all time-to-event analyses,
rates were estimated by the method of Kaplan and Meier
and were compared by the log-rank test. Fat deposition,
scar age defined as the delay between the MI and CT scan,
left ventricular ejection fraction, the scar extent defined as
the number of segments with wall thickness ≤5 mm, the
presence of 3-vessel disease, diabetes mellitus, and
smoking were used to construct a multivariate Cox
proportional-hazards survival model with a stepwise anal-
ysis. A P≤0.05 was considered statistically significant. All
tests were 2-tailed.

Figure 1. Flow diagram. CT indicates computed tomography; VT, ventricular tachycardia.
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Results

Clinical Characteristics
A flow diagram of the study is shown in Figure 1. Out of 72
patients fulfilling the inclusion criteria, 3 were excluded
because of inconclusive CT imaging (2 because of massive
implantable cardioverter defibrillator lead artifacts covering
the scar area, and 1 because of issues with post-contrast

delay resulting in insufficient enhancement). Thus, 69 patients
were analyzed (aged 66�12 years, 7% women). The clinical
characteristics of the study population are shown in Table 1.
Fat was detected on CT in 44 (64%) patients. Examples of
scars with and without fat are shown in Figure 2. Patient
characteristics with and without FD are shown in Table 1. The
presence of fat did not relate to clinical characteristics (age,
sex, risk factors, vascular territory, revascularization method,

Table 1. Patient Characteristics

Overall Population
n=69

Fat Deposition (+)
44 (64%)

Fat Deposition (�)
25 (35%) P Value

Clinical characteristics

Age, y 66�12 66�11 65�12 0.58

Men 64 (93%) 41 (93%) 23 (92%) 0.86

Hypertenstion 36 (52%) 23 (53%) 13 (52%) 0.16

Diabetes mellitus 15 (23%) 10 (23%) 5 (20%) 0.83

Dyslipidemia 39 (57%) 25 (58%) 14 (56%) 0.54

Smoking 18 (26%) 10 (24%) 8 (32%) 0.74

BMI, kg/m2 28�6 28�5 29�6 0.43

Total cholesterol, mmol/L 3.9�1.0 3.7�0.9 4.2�1.0 0.09

HDL cholesterol, mmol/L 1.0�0.4 1.0�0.3 1.1�0.4 0.23

LDL cholesterol, mmol/L 2.2�0.8 2.1�0.7 2.4�0.9 0.28

Triglyceride, mmol/L 1.6�0.7 1.5�0.6 1.6�0.8 0.59

Scar age, y 17�10 20�10 10�8 <0.001*

3-vessel disease 16 (23%) 13 (29%) 3 (12%) 0.09

CABG 17 (25%) 9 (20%) 8 (32%) 0.07

PCI 42 (61%) 26 (59%) 16 (64%) 0.12

ICD 63 (91%) 41 (93%) 22 (88%) 0.46

CRT 17 (25%) 12 (27%) 5 (21%) 0.56

Imaging characteristics

Scar vascular territory

LAD 51 (74%) 31 (70%) 20 (80%) 0.65

RCA 30 (44%) 20 (45%) 8 (32%)

Cx 11 (16%) 9 (20%) 2 (8%)

Number of scars

1 scar 48 (70%) 28 (64%) 20 (80%) 0.16

≥2 scars 21 (31%) 16 (36%) 5 (20%)

Scar extent (n segments) 5.7�3.2 6.5�2.8 4.4�3.4 0.01*

Calcifications 21 (30%) 17 (39%) 4 (16%) 0.05*

LVEDD, mm 63�10 63�10 62�9 0.61

LVEF, % 37�11 35�10 40�11 0.09

LVEF <35% 40 (58%) 28 (64%) 12 (48%) 0.21

BMI indicates body mass index; CABG, coronary artery bypass graft; CRT, cardiac resynchronization therapy; Cx, circumflex; HDL, high-density lipoprotein; ICD, implantable cardioverter
defibrillator; LAD, left anterior descending artery; LBBB, left bundle branch block; LDL, low-density lipoprotein; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction; PCI, primary coronary intervention; RBBB, right bundle branch block; RCA, right coronary artery.
*P≤0.05.
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ventricular function) except for time since infarction which
was longer in patients with FD (20�10 versus 10�8 years,
P<0.001). The relationship between scar age and presence of

fat is illustrated in Figure 3A. By 10 years post–MI, 75% of
scars had FD. In addition, 83% of the scars with FD were
>10 years. In a stepwise multivariate analysis including 3-

Figure 2. Examples of CT findings in patients with and without fat deposition with scar. A through C, Fifty-
eight-year-old man with VT 19 years after anterior infarction. Late gadolinium-enhanced magnetic
resonance imaging (MRI) shows antero-septal scar (A). Arterial-enhanced CT shows antero-septal wall
thinning with subendocardial fat deposition (yellow arrows) (B and C). D through F, 73-year-old man with VT
9 years after anterior infarction. Late gadolinium-enhanced MRI shows antero-septal scar (D). Arterial-
enhanced CT shows antero-septal wall thinning with no fat deposition (E and F).

Figure 3. Relationship between fat deposition within scar and time since myocardial infarction. A,
Prevalence of fat deposition according to scar age. B, Extent of fat within scar according to scar age. FD+
indicates fat deposition; FD�, no fat deposition.
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vessel disease, scar age, coronary artery bypass graft (CABG),
and left ventricular ejection fraction (LVEF), scar age was the
only predictor of FD. The probability of FD increased by 14%
per year post–MI (OR: 1.14; 95% CI, 1.06, 1.24; P=0.001).

Anatomical Characteristics of Fat on CT
In the 69 patients, a total of 1173 ventricular segments were
analyzed. Out of the 748 segments analyzed in patients with FD,
FD was identified in 158 (21%) segments, with a median extent
per patient of 4.5 [3–6] segments. Fat was present in larger
scars as attested by a higher number of segments with <5-mm
wall thickness on CT (6.5�2.8 versus 4.4�3.4 segments,
P=0.01). On multivariate analysis, the extent of myocardial
scars was an independent correlate of FD, whose probability
increased by 27% per scar segment (OR: 1.27; 95% CI, 1.04,
1.56; P=0.02). The extent of fat according to scar age is
illustrated in Figure 3B. The proportion of fat within the scar
increased with scar age, being absent before 5 years and
covering up to 50% of the scar after 15 years. Examples of fat
distributions are shown in Figure 4. Areas with FD were
typically patchy, with interposition of non-fatty areas between
several islets of fat. Fat was located in the sub-endocardial layer
in all cases and had a variable transmural extent, ie, transmural
in 50% of segments showing fat. In addition, there was an
inverse correlation between the presence of fat and the local
wall thickness (R=�0.36, P<0.001). Calcification was more
frequently present in patientswith FD (39% versus 16%, P=0.05)
and was also significantly related to scar age (21�11 versus
15�9 years in scars with versus without calcification, P=0.04).

Figure 4. Variability of fat distribution within chronic myocardial
infarction. Fat assessed from CT is mapped over left chamber
geometry in 12 patients with post-infarction ventricular tachycar-
dia. LA indicates left atrium; LV, left ventricle.

Figure 5. Registration of fat distribution on electro-anatomical mapping data. Sixty-one-year-old man with
history of prior myocardial infarction in right coronary artery and distal left anterior descending artery
territories. The 12-lead recording of his clinical VT indicated an infero-septal exit (A). The distribution of fat
assessed on CT was registered on the electro-anatomical geometry (C, inferior view of left chambers with fat
deposition shown in purple). During sinus rhythm, late potentials were identified on the basal fatty area (B, red
arrow in C). During VT, the same fat site hosted the exit part of the VT circuit (black stars inD). LA indicates left
atrial; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; VT, ventricular tachycardia.
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Electrophysiological Characteristics
Electrophysiological characteristics of scars with FD were
studied in a subset of 27 patients with available high density
EAM acquired during sinus rhythm using a Pentaray catheter.
Of these, 14 patients showed FD on CT, while 13 did not. An
example of fat distribution registered on an EAM geometry is
shown in Figure 5. The characteristics of electrograms
recorded within scars with and without FD are shown in
Table 2. Fatty scars showed significantly lower bipolar voltage
(0.5 versus 0.8 mV, P<0.001) and prolonged electrogram
duration (99 versus 89 ms, P<0.001). While the prevalence of
LAVA within the scar did not differ between the 2 groups (23%
versus 34% of all electrograms within scar; P=0.22), LAVA in
fatty scars showed lower bipolar amplitude (0.22 versus
0.29 mV; P<0.001) and longer delay from the local farfield
(75 versus 52 ms; P<0.001). The critical VT isthmus was
identified in 6 patients with FD, and colocalized with fat in 4
(75%) cases. An example of a critical isthmus mapped in a
fatty area is shown in Figure 5.

Post-VT Ablation Outcome
Complete LAVA elimination was equally achieved in the 2
groups (58% versus 54%, P=0.73). The radiofrequency time to
obtain complete LAVA elimination did not differ between the 2
groups (44�19 versus 37�23 minutes, P=0.24). Inducibility
was tested at the end of the procedure in 47 cases (30 with and
17 without FD). Patients with FD showed a trend to remain
inducible (40% versus 12%, P=0.09). After a mean follow-up of
26�17 months, a total of 38 (55%) patients met the primary
end point including all-cause mortality and VT recurrence. This
included VT recurrence in 26 (38%), and death in 13 (19%),
including 10 (14%) from a cardiac cause. A total of 11 (16%)
patients underwent a repeat ablation procedure. The charac-
teristics of patients with versus without adverse outcome at
follow-up are compared in Table 3. On univariate analysis,
adverse outcome was related to fat deposition, LV systolic

Table 2. Electrophysiological Characteristics

Fat Deposition (+)
1072 Points

Fat Deposition (�)
768 Points P Value

LV volume
Carto, mL

297�115 284�105 0.76

Total mapped
area, cm2

272�68 284�64 0.64

Unipolar low
voltage area
<8.3 mV, cm2

109 [60–125] 85 [55–109] 0.48

Bipolar low
voltage area
<1.5 mV, cm2

75 [45–104] 60 [33–82] 0.26

Bipolar low
voltage area
<0.5 mV, cm2

22 [13–46] 14 [9–34] 0.11

Bipolar
voltage, mV

0.5 [0.3–0.9] 0.8 [0.4–1.4] <0.001*

Unipolar
voltage, mV

3.5 [2.3–4.8] 3.6 [2.3–5.4] 0.12

Median EGM
duration, ms

99 [83–120] 89 [70–111] <0.001*

LAVA prevalence
(% of scar EGMs)

23�18 34�22 0.22

LAVA delay to
local EGM, ms

75 [45–106] 52 [22–90] <0.001*

LAVA bipolar
amplitude, mV

0.22 [0.14–0.35] 0.29 [0.16–0.66] <0.001*

Data expressed as mean�SD when following a normal distribution, and median [Q1–Q3]
otherwise. EGM indicates electrogram; LAVA, local abnormal ventricular activity; LV, left
ventricle.
*P≤0.05.

Table 3. Characteristics of Patients With Adverse Outcome

Adverse
Outcome
n=38 (55%)

Favorable
Outcome
n=31 (45%) P Value

Clinical characteristics

Age, y 65�12 67�12 0.34

Men 37 (97%) 27 (87%) 0.18

Hypertension 18 (47%) 18 (58%) 0.28

Diabetes mellitus 9 (24%) 6 (19%) 0.89

Smoking 7 (18%) 11 (35%) 0.78

BMI, kg/m2 29�6 27�5 0.19

Scar age, y 20�11 13�8 0.02*

3-vessel disease 12 (32%) 4 (13%) 0.04*

CABG 9 (24%) 8 (26%) 0.92

PCI 21 (55%) 21 (68%) 0.24

Imaging characteristics

Scar extent (N segments) 6 [4–8] 6 [3–8] 0.41

Calcifications 14 (37%) 7 (23%) 0.22

Fat deposition 31 (82%) 13 (42%) 0.009*

LVEDD, mm 65�10 61�10 0.3

LVEF <35% 27 (71%) 13 (42%) 0.02*

Procedural outcomes

Radiofrequency duration, min 44�19 39�23 0.23

Incomplete LAVA elimination 16 (43%) 12 (41%) 0.28

Post-ablation VT inducibility 9 (33%) 5 (25%) 0.7

BMI indicates body mass index; CABG, coronary artery bypass graft; CRT, cardiac
resynchronization therapy; Cx, circumflex; ICD, implantable cardioverter defibrillator;
LAD, left anterior descending artery; LAVA, local abnormal ventricular activity; LBBB, left
bundle branch block; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular
ejection fraction; PCI, primary coronary intervention; RBBB, right bundle branch block;
RCA, right coronary artery; VT, ventricular tachycardia.
*P≤0.05.
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dysfunction, presence of 3-vessel disease and scar age.
Patients with fat deposition experienced a markedly worse
outcome including all-cause mortality and VT recurrence (70%
versus 28%, P log rank=0.009). On multivariate cox regression
analysis (Table 4), the presence of fat was an independent
predictive factor of worse outcome (hazard ratio=2.69; 95% CI,
1.12–6.46; P=0.027) along with left ventricular dysfunction
(hazard ratio=2.57; 95% CI, 1.13–5.85; P=0.024). Kaplan–
Meier survival curves illustrating outcomes in patients with and
without FD are shown in Figure 6.

Discussion
This study is to our knowledge the first to consistently analyze
clinical, anatomical, and electrophysiological characteristics
of fat deposition after MI in patients experiencing VT,
including its impact on patient outcomes after catheter
ablation. Its main findings are that (1) fat is extremely
prevalent within the scar in patients referred for post–MI VT,
(2) it relates to scar age and size, and typically progresses as

a patchy process, (3) fatty scars show distinctive electro-
physiological properties including lower voltage, more delayed
LAVA of lower amplitude, and possible colocalization with
critical VT isthmuses, and (4) FD is potentially associated with
a worse outcome after VT ablation including all-cause
mortality and VT recurrence.

Prevalence of Fat in Post–MI Scars
The prevalence of fat in post–MI scars may differ according to
the investigating technique. In the present study, the preva-
lence of fat was higher than usually reported in CT series after
MI.5,14 This may be because of the specificity of the post–MI
population experiencing VT, and may reflect the arrhythmo-
genic role of fat deposition, although this aspect should be
studied prospectively in a non-selected population. Histolog-
ical studies have demonstrated an even higher prevalence of
fat after MI (up to 84% of explanted hearts with a history of
MI).7 This discrepancy outlines the spatial resolution limita-
tions of current imaging techniques, and one should keep in
mind that in contrast to histology, fat detected on CT

Table 4. Variables With Significant Correlation to Worse Outcome Included in Univariate and Multivariate Analysis

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Combined events=all-cause mortality and VT recurrence

Fat deposition 2.85 (1.25–6.5) 0.013* 2.69 (1.12–6.46) 0.027*

3-vessel disease 2.02 (1.02–4.01) 0.044* 2.03 (0.98–4.18) 0.056

LVEF <35% 2.23 (1.10–4.53) 0.026* 2.57 (1.13–5.86) 0.024*

Scar extent 1.04 (0.94–1.15) 0.45 0.59 (0.32–1.11) 0.10

Smoking 1.05 (0.76–1.45) 0.78 1.13 (0.79–1.16) 0.50

Diabetes mellitus 1.03 (0.62–1.38) 0.90 1.00 (0.57–1.78) 0.99

Redo procedure 1.43 (0.83–2.84) 0.20 1.45 (0.8–2.63) 0.22

Age 0.99 (0.96–1.02) 0.48

Scar age 1.25 (0.70–2.22) 0.45

VT recurrence

Fat deposition 2.64 (1.06–6.6) 0.037 2.91 (1.10–7.75) 0.033*

LVEF <35% 2.38 (1.03–5.50) 0.042 2.05 (0.82–5.13) 0.12

Inducible after ablation 1.65 (1.03–2.66) 0.038 1.49 (0.89–2.50) 0.13

Scar extent 1.12 (0.63–1.99) 0.70 1.00 (0.86–1.16) 0.97

Scar age 1.34 (0.90–2.00) 0.15 1.02 (0.63–1.64) 0.94

Diabetes mellitus 1.05 (0.58–1.90) 0.87

3-vessel disease 1.36 (0.52–3.60) 0.53

Age 0.98 (0.96–1.01) 0.31

Acute procedural complication 0.97 (0.28–3.34) 0.96

HR indicates hazard ratio; LVEF, left ventricular ejection fraction; VT, ventricular tachycardia.
*P≤0.05.
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corresponds to macroscopic fat. In the present study we
chose to apply a strict attenuation threshold < �30 HU to
define intra-myocardial fat, while other groups have used
substantially higher thresholds.15 Although we acknowledge
that this may have led to missing less macroscopic fat
deposition, this threshold was based on prior validation on
cadavers16 and is the one routinely used to quantify body fat
content.12 This strict threshold was also chosen so as not to
mistake as fat other confounding scar components such as
hypoperfused dense fibrotic scars, also known to lower CT
attenuation as compared with the normal myocardium on
arterial-enhanced CT images.17

Clinical and Anatomical Characteristics of Fat
Deposition
The relationship between fat and scar age and size suggests a
progressive and dynamic process. In addition, the patchy
appearance of the fat and the presence of areas with fat
separated by non-fatty areas suggests independent signaling
pathways occurring at different myocardial sites. Interestingly,
the duration of the fatty replacement process parallels the
delay usually required to observe VT after MI. This also
supports a role of fat deposition in the arrhythmogenicity of
chronic MI. The highest proportion of fat was found 10 years
after the index event. This correlation has been reported by
previous studies that included patients with prior MI regard-
less of the presence of VT.5,14 In concordance with our
results, previous studies showed that the areas with fat
deposition are typically located in the scar area and frequently

involve the subendocardium with variable transmural
extent.5,18,19 Except for scar age and size, no additional
clinical factors were correlated with the presence of fat within
the MI scar in our population. Different factors have variously
been reported to correlate with the presence of fat in other
studies. An initial study found that increasing age, male sex,
previous bypass surgery and infarcts involving the anterior,
septal, and lateral walls of the apex were correlated to the
presence of fat20; however, these factors have not been
confirmed in other studies.5,6

Electrophysiological Characteristics of Scars
With Fat Deposition
We demonstrated that the VT substrate has different electro-
physiological properties according to the presence of fat. The
latter was associated with lower bipolar amplitude, and
although the proportion of LAVA electrograms was similar,
these showed lower bipolar amplitude and were more delayed
in fatty scars. Pouliopoulos et al21 performed left ventricular
plunge-needle and non-contact mapping in 8 sheep with prior
MI and without VT (MI+VT�), 7 sheep with prior MI and VT
(MI+VT+), and 5 sheep without MI. Inside the scar areas, the
fat was abundant with an intramyocardial adipose/collagen
ratio of �0.8. Fat was less abundant in areas remote from the
infarct borders. The presence of fat correlated inversely with
myocardial viability. It was also related to gap junction
remodeling marked by an increase in Cx43 lateralization
(80.5%, 81.1,% and 93.6% when the scar contains collagen,
adipose, and collagen-adipose, respectively). The group

Figure 6. Post-ablation outcomes in patients with vs without fat deposition within scar on CT scan. VT indicates ventricular tachycardia.
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MI+VT+ showed significantly higher adipose content and
myocardial discontinuity. It also had lower voltage amplitude,
reduced electrogram dV/dt, slower conduction velocities and
a shorter corrected and uncorrected wavelength of excitation
(k). Sasaki et al15 performed a pilot study to investigate the
impact of fat on the local electrograms and the VT circuit. The
study included 22 patients with a history of MI and VT that
were compared with 20 patients with previous MI and without
a history of VT. Fat was documented using a CT scan in all
patients with VT. The presence of fat was associated with
lower bipolar and unipolar amplitude, and longer electrogram
duration. Fragmented and isolated electrograms were more
frequently observed in areas with fat. VT circuits were
identified in 32 cases; three-fourths of them were located
either in areas of FD (50%) or adjacent to them (25%). The VT
circuit sites in areas with FD had thinner LV wall thickness.
The role of fat in reducing the electrograms amplitude inside
the scar area was also reported in a recent animal study.22

Relationship Between Fat and Post-Ablation
Outcome
A prior study reported on the outcome of patients with FD. In a
population of 316 patients with a history of MI, regardless of
the presence of VT,23 fat was associated with a worse outcome
including all-cause mortality, sustained ventricular arrhythmia,
and heart failure hospitalizations. Our study also suggests this
worse outcome in patients undergoing VT ablation. The worse
outcome and the independent predictive role of fat deposition
suggested by our study raise some hypotheses. Fat is
potentially arrhythmogenic. In fact, it potentially stabilizes
the VT circuit by creating areas of slow conduction (as attested
by more prolonged electrograms and delayed LAVA). In
addition, critical VT isthmuses may be located in the mid-wall
or epicardial layers and might be protected by the surrounding
fat, as they have lower amplitude and may not be effectively
treated by catheter ablation.

Study Limitations
This study has significant limitations, including the small
number of patients and the inclusion of unmatched groups.
This may alter the power of the statistical analysis and the
conclusion of the study. Many confounding parameters could
potentially interact with the results. Scar age in the FD group
was almost double that of the non-FD group. Thus, higher
mortality in the FD group could be explained if the non-FD
group had insufficient time to develop FD, and mortality might
become similar if the non-FD group was followed for a longer
period. In addition, an association between diabetes mellitus,
smoking, size of scar, procedural complications and worse
outcome cannot be excluded even if no statistical association

could be identified. Our results need to be validated in a larger
and prospective study involving matched groups. An addi-
tional limitation is the absence of longitudinal patient follow-
up with CT to further detail the progression of fat during the scar
healing process. This was practically not possible given the long
time course of this process. Another limitation is the limited
number of critical VT isthmuses. As a consequence, as
mentioned above, it remains unclear whether worse outcomes
after ablation are because of increased arrhythmogenicity or to
inefficacy of endocardial RF ablation because of fat interposition.

Conclusions
Fat deposition is extremely prevalent within the scar in
patients referred for post–MI VT. It relates to scar age and
size, and typically progresses as a patchy process. Fatty scars
show distinctive electrophysiological properties including
lower voltage, more delayed LAVA of lower amplitude, and
possible co-localization with critical VT isthmuses. Fat depo-
sition may be a marker of worse outcome after VT ablation
including all-cause mortality and VT recurrence.
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