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ABSTRACT Patients with myocardial infarction have an abundance of conduction channels (CC); however, only a small sub-
set of these CCs sustain ventricular tachycardia (VT). Identifying these critical CCs (CCCs) in the clinic so that they can be
targeted by ablation remains a significant challenge. The objective of this study is to use a personalized virtual-heart approach
to conduct a three-dimensional (3D) assessment of CCCs sustaining VTs of different morphologies in these patients, to inves-
tigate their 3D structural features, and to determine the optimal ablation strategy for each VT. To achieve these goals, ventricular
models were constructed from contrast enhanced magnetic resonance imagings of six postinfarction patients. Rapid pacing
induced VTs in each model. CCCs that sustained different VT morphologies were identified. CCCs’ 3D structure and type
and the resulting rotational electrical activity were examined. Ablation was performed at the optimal part of each CCC, aiming
to terminate each VT with a minimal lesion size. Predicted ablation locations were compared to clinical. Analyzing the simulation
results, we found that the observed VTs in each patient model were sustained by a limited number (2.75 1.2) of CCCs. Further,
we identified three types of CCCs sustaining VTs: I-type and T-type channels, with all channel branches bounded by scar, and
functional reentry channels, which were fully or partially bounded by conduction block surfaces. The different types of CCCs
accounted for 43.8, 18.8, and 37.4% of all CCCs, respectively. The mean narrowest width of CCCs or a branch of CCC was
9.75 3.6 mm. Ablation of the narrowest part of each CCCwas sufficient to terminate VT. Our results demonstrate that a person-
alized virtual-heart approach can determine the possible VT morphologies in each patient and identify the CCCs that sustain
reentry. The approach can aid clinicians in identifying accurately the optimal VT ablation targets in postinfarction patients.
SIGNIFICANCE This article presents an insight into human infarct-related ventricular tachycardia (VT) by providing
information regarding the organization and structure of critical conduction channels (CCCs) that sustain VT and how the
different types of CCCs determine VT morphology. The simulation results demonstrate that purely anatomical reentries as
well as reentries with a functional component could give rise to infarct-related VT in patients. As the ablation targets
predicted in our models are consistent with the ablation lesions executed in the clinic, the current study underscores the
potential of patient-specific models to identify offline, before the procedure, the CCCs which sustain reentry thus helping to
guide the clinical procedure.
INTRODUCTION

Ventricular tachycardia (VT), a life-threatening fast heart
rhythm, occurs frequently in patients with prior myocardial
infarction (MI) and can lead to sudden cardiac death. Clin-
ical and experimental studies show that VT is often caused
by a reentrant wave traveling through an isthmus within the
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infarcted area, commonly known as a conduction channel
(CC) (1–5). Patients with MI have an abundance of CCs,
but only a small subset of CCs sustain reentry (1,3). CCs
that sustain reentry are the primary target for VT ablation
in the clinic (1,4,5). However, identifying which CCs sustain
reentry remains a significant challenge for several reasons,
including insufficient spatial resolution to identify critical
VT propagation pathways by electroanatomic mapping
(6–8) and ambiguities in correlating electrical maps with
heart anatomy and infarct structure (9). Furthermore, as a
recent high-resolution study of infarct-related VTs in
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ex vivo hearts demonstrated (10), reentrant waves through
the zone of infarct could be established through complex
three-dimensional (3D) pathways, which may be difficult
to reconstruct by mapping the ventricular surfaces only
(5,11,12).

Recent advances in noninvasive imaging techniques have
shown promise in supplementing the information gained
from electrophysiology studies by providing detail regarding
the structural remodeling inMI (13,14). In particular, clinical
late gadolinium-enhanced (LGE) magnetic resonance imag-
ing (MRI) has become the gold standard for assessing
the location, transmurality, and distribution of MI injury.
Research has shown that CCs can be identified on clinical
LGE-MRI (1,3,15,16). However, not all CCs identified on
LGE-MRI may be the critical CCs (CCCs) that sustain
reentry (1,3,10), which has important implications for
infract-related VT ablation.

Computational modeling of individualized hearts recon-
structed from LGE-MRI scans has emerged as a platform
for noninvasive investigation of heart rhythm disorders;
it has been used for risk stratification in patients with
MI (17–19), prediction of reentry location (20–23), and
recently, to demonstrate the feasibility of simulation-driven
VT ablation targeting (24). A personalized model of an MI
patient heart allows the visualization and investigation not
only of the distribution and morphology of the CCs in the
zone of infarct but also the determination of the 3D charac-
teristics of conduction through the CCCs that sustain VT(s)
in the given patient. The objective of this study was to use
an LGE-MRI-based personalized virtual-heart modeling
approach (17) in a retrospective cohort of six MI patients
with VT to 1) identify the CCCs, 2) provide a mechanistic
understanding of how different VT morphologies are sus-
tained in these patients, 3) investigate the role of the CCC
structural features in VT maintenance, and 4) relate the
3D CCC structure and conduction to the ablation strategy
for the given VT. An improved knowledge of the character-
istics of propagation through the CCCs in the zone of infarct
is important for designing optimal ablation strategies for
infarct-related VT.
MATERIALS AND METHODS

LGE-MRI images of six patients with MI and spontaneous stable mono-

morphic VT before the MRI were used in this study for model construction.

The same heart models were used in a recent study examining the potential

of personalized virtual-heart technology for guiding ablation of infarct-

related VT (part of retrospective cohort without implantable cardioverter

defibrillator) (24). Ablation targets in that study were determined with an

automatic algorithm based on flow networks, precluding the inquiry into

CC structures and their relation to induced VTs. The six patient scans

were chosen here on the basis of the availability of clinical data for compar-

ison and the quality of the clinical LGE-MRI scans, allowing for thorough

CC examination, in addition to being from patients with stable monomor-

phic VT. Full details regarding the patient cohort as well as detailed infor-

mation regarding model construction can be found in the original study

(24). Briefly, the myocardium boundaries were semiautomatically delin-
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eated, and regions of gray zone (GZ) (zone of intermediate intensity on

LGE-MRI), core scar, and noninfarcted tissue were segmented from the

clinical LGE-MRI by means of signal thresholding (25). Tetrahedral

meshes were constructed directly from the segmented images using a

previously described approach (26). Fiber orientations in the mesh were

assigned using a validated rule-based method (27).

Electrophysiological properties were assigned in the model as previously

described in full detail (24). Briefly, core scar was modeled as insulator.

Noninfarcted tissue and GZ were assigned human ventricular myocyte

action potential kinetics, with the latter having remodeled ionic current

properties. The mathematical description of electrical conduction in cardiac

tissue was based on the monodomain representation. Conductivity values in

the model were assigned such that resultant conduction velocities were

close to those measured clinically, as described in Prakosa et al. (24).

A rapid pacing protocol was used to induce VT in the six models, as

described previously (17,19,24). The protocol consisted of six beats (S1)

at a cycle length of 600 ms followed by a premature stimulus (S2) initially

given at 90% of the S1 cycle length. The timing between S1 and S2

was progressively shortened until reentry was induced. If reentry was not

induced, a second premature stimulus (S3) was delivered after S2. If VT

was still not induced, a third premature stimulus (S4) was delivered after

S3. 5 s of VT were simulated.

For each VT morphology induced in the models, the reentrant circuit was

identified through the analysis of the 3D reentrant wave propagation. Multi-

plane analysis of the monomorphic VT reentrant behavior in the 3D

ventricle over the duration of the simulation identified the CCC(s) sustain-

ing each VT. After CCC identification, 3D in silico ablation with a 3.5 mm

single-point ablation radius (corresponding to the extent of a single clinical

lesion (28)), in which the tissue in the lesion was rendered as a scar in the

model, was performed at an optimal part of the CCC. The simulations were

then repeated to demonstrate postablation VT noninducibility. Finally, the

ablation targets predicted in our model were compared with the correspond-

ing ablation lesions executed in the clinic.

The resolution of the clinical MRI images used in this study is 1.5 �
1.5 � 10 mm. As the out-of-plane resolution was insufficient to adequately

resolve the channel width, we analyzed only CCs the width of which could

be analyzed in the in-plane direction only. The width of the channel here

refers to the minimal diameter, at any point along the channel (rather, at

any point of the channel that belongs to an MRI short-axis slice), of the

local sphere that fits tightly between the barriers surrounding the CC. For

anatomical reentry (‘‘I’’ and ‘‘T’’ type) in 3D, the epicardium or endocar-

dium often bound two sides of the channel, as shown in the left panel in

Fig. 1. The rest of the channel boundary is composed of core scar. Fig. 1

shows one example of ‘‘I’’ type channel, which is on one side bounded

by the epicardium, and the rest of the channel boundary is core scar (scar

in the subendocardium in green, and scar in the two lateral directions in

yellow). For functional reentry, the CC width is defined the same way,

with the difference that on one side, the channel is bounded by functional

block rather than scar.
RESULTS

Table 1 summarizes the volumes of noninfarcted myocar-
dium, GZ, and core scar in the reconstructed heart models
for the six patients. The mean ventricular volume was
143.8 cm3. The percentage, by volume, of noninfarcted
myocardium within the ventricles ranged from 58.7 to
92.8%, whereas the percentage by volume of GZ and core
scar had a range of 5.5–35.6% and 1.1–34.4%, respectively.
There were 1–4 VT morphologies (2.7 5 1.2) induced in
each model, sustained by propagation through CCCs. There
were other CCs in the models as well, but those were con-
duits of propagation during VT and not critical structures



FIGURE 1 Left: a slice of an MRI image of one

model. Red lines are the segmented ventricular

boundaries, yellow lines are the segmented bound-

aries of core scar, and green lines are the segmented

boundaries of the GZ. Right: the corresponding re-

constructed model is shown. Blue lines demarcate

the channel manifestation on the epicardial surface.

To see this figure in color, go online.
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of VT maintenance. Of all VTs induced in the patient-spe-
cific models, 63% were sustained by reentries through
CCCs surrounded by scar on all sides (Fig. 2, left and mid-
dle images), whereas the remaining VTs (37%) involved
rotational activity around an area of functional block (Fig.
2, right images). In all cases, the CCCs consisted of GZ tis-
sue (Fig. 2). Below, we present the general mechanistic find-
ings about the different CCCs sustaining VTs in the models,
and then we illustrate these findings with specific simulation
examples.

In the first type of VTs (i.e., those involving CCCs sur-
rounded by scar on all sides), the CCCs were two types,
either ‘‘I’’ or ‘‘T’’ type (shown schematically in two dimen-
sions (2D) in Fig. 2), which accounted for 43.8 and 18.8% of
the VT morphologies in all patients, respectively. The I-type
CCC involved a single 3D pathway, often of convoluted
shape. In the T-type CCC (also referred to as Y-type), the
wavefront propagated through a 3D channel that split into
two (often unequal) branches, all bounded by noncon-
ducting scar. As illustrated in the examples below, VT
morphology through the I- or T-type CCCs could be either
figure-of-eight or circular reentry, depending of the 3D
structure of the specific CCC. The predominant VT mor-
phologies associated with the I and T CCCs are indicated
schematically by the white arrows in Fig. 2. In each case
the VT morphology, whether figure-of-eight or circular,
TABLE 1 The Volumes of the Reconstructed Heart Models and Pre

Model

Noninfarct

(cm3)

% of Total

Volume GZ (cm3)

% of Total

Volume

Core Sc

(cm3)

P01 115.9 85.4 10.5 7.7 9.3

P02 114.6 78.0 6.0 4.1 26.4

P03 133.1 92.8 9.2 6.4 1.1

P04 98.7 58.7 35.6 21.2 33.8

P05 106.7 64.5 24.3 14.7 34.4

P06 84.5 82.1 5.5 5.3 12.9

Mean 5 SD 108.9 5 16.6 76.9 5 12.9 15.2 5 12.1 9.9 5 6.7 19.7 5 1

F, GZ-mediated functional reentry; I, ‘‘I’’ type channel; T, ‘‘T’’ type channel.
depended on the presence or absence, respectively, of sym-
metry in the 3D structure of the CCC. T-type CCCs were
more likely to be asymmetrical, resulting in the predomi-
nance of circular reentries in these cases.

In the third type of VT (functional reentry), rotational ac-
tivity was around an area (3D surface) of functional block
between GZ and noninfarcted tissue (shown schematically
in 2D by the black line in Fig. 2, right), formed because non-
infarcted tissue was refractory at the time of wave propaga-
tion through the slower-conducting GZ. The 3D functional
block surface could enclose a CCC from all sides (an
entirely functional reentry VT) or only partially, as one
side of the CCC could be bounded by scar (partially func-
tional reentry VT, as in Fig. 2, right). In the latter case,
the reentry was not entirely functional. Again, asymmetry
of the CCC boundaries was the determinant factor in the
type of reentry; in the cases found in our simulations, all
reentries were circular (shown schematically in 2D by the
white arrows in Fig. 2, right).

Fig. 2 depicts also schematically, in 2D, the in silico abla-
tion strategy in the models. We performed ablations at
optimal locations within the CCCs, which were the narrow-
est portions of the I-type or functional reentry CCCs, and the
locations of branching of the T-type CCCs. The widths of
the CCCs at the locations of ablation for all VTs and in
all patients is presented in Table 1; the mean width was
dicted Channel Characteristics

ar % of Total

Volume

Narrowest

Channel

Width (mm)

Channel Types (% of

Total Channel Numbers)
Ablation

(cm3)I T F

6.9 9.0 5 2.8 0 1 3 0.58

17.9 10.7 5 2.1 2 1 0 0.286

0.8 6.6 5 0.6 0 0 2 0.910

20.1 14.9 0 0 1 0.417

20.8 8.8 5 4.0 3 1 0 0.395

12.6 11.8 5 6.9 2 0 0 0.194

3.9 13.2 5 8.0 9.7 5 3.6 7 (43.8) 3 (18.8) 6 (37.4) 0.46 5 0.25
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FIGURE 2 Schematic diagram of the three types

of VTs sustained by propagation through a CCC.

Different colors represent different tissue types:

noninjured (red), core scar (yellow), and GZ (green).

The white arrows show the predominant direction

of reentrant wave propagation for each type of

CCC as found in our simulations. The black line in

the functional reentry schematic represents conduc-

tion block. The optimal ablation lesion that termi-

nated each type of reentry is shown schematically

in purple. To see this figure in color, go online.
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9.7 5 3.6 mm. Simulated ablation at these optimal sites
terminated the corresponding VTs in all patients. The
mean total ablation lesion volume per patient was 460 mm3.

Below are specific examples illustrating these findings.
Fig. 3 shows simulations from a patient-specific model in
which two VT morphologies were sustained by propagation
through I-type CCCs. The GZ and core scar in the model
were mainly distributed in the septum and posterior wall
(Fig. 3 A). The first VT induced in this model had a
figure-of-eight morphology with a CCC (made up of GZ)
and located on the septum close to the anterior wall; there
FIGURE 3 Two examples of ‘‘I’’ type channel-based reentry in one patient. Th

ventricle. The second column shows the activation map of each reentry in the L

ablation lesion for the corresponding reentry. The last column shows the ablatio

scale indicates activation times for column 2. To see this figure in color, go onl
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were other CCs in the model as well, which were passive
conduits of propagation during VT. The second VT and its
CCC in this patient heart (Fig. 3 B) were located at the pos-
terior middle wall of the left ventricle (LV); VT morphology
was circular. Simulated ablation of the narrowest region in
the CCCs terminated the corresponding reentries. The pre-
dicted ablation targets matched well the clinical lesions,
as shown in the fourth panels of Fig. 3, A and B.

Fig. 4 illustrates two patient heart models each presenting
with a VTwith T-type CCC. The top model has GZ and core
scar distributed mainly in the septum and posterior wall.
e first column shows the model geometry, which includes both LVand right

V. The third column shows the geometry of only the LV and the predicted

n targets predicted (blue) and the clinical ablation lesions (red). The color

ine.



FIGURE 4 Examples of ‘‘T’’ type channel-based reentry in two different patients. The first column shows the biventricular geometry of each model. The

second column shows the activation map of each reentry in the LV. The second panel in (B) also shows a zoomed-in view of the reentry region with the core

scar on the endocardium removed to show the wavefront propagation of the reentry in the myocardium. The third column shows the geometry of only the LV

and the predicted ablation lesion for the corresponding reentry. The last column shows the ablation targets predicted in the model (blue) and the clinical

ablation lesions (red). The color scale indicates activation times for column 2. To see this figure in color, go online.
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As shown in the second panel of Fig. 4 A, the VT was
located at the posterior wall close to the LV base and its
morphology was circular. In the other example of a VT sus-
tained by propagation through a T-type CCC (Fig. 4 B), GZ
and core scar in the model were in the LV, and the VT was
located on the posterior wall. The morphology of the VT
was circular. The in silico ablations at the intersection of
the two branches of the T-type CCC terminated the VTs
in both models, and the in silico ablation targets corre-
sponded well with the clinical ablation lesions (see fourth
panels).

Fig. 5 shows two VTs in the same patient heart model.
Both VTs are of the functional reentry type, sustained by
propagation through a CCC in the GZ. The first VT (top
row) was perpetuated at the posterior wall close to the
base. This was an entirely functional reentry VT with
circular morphology. The second VT was located on the
midposterior wall, further from the base. It was a partially
functional reentry VT with a circular morphology, with
boundaries of the CCC being functional block and scar on
opposing sides. In both cases, ablation of the CCC at the
narrowest part between the line of functional block and
the boundary formed by either core scar or functional block
(Fig. 5, bottom row) on the other side of the channel termi-
nated the reentry. As shown, the predicted in silico ablation
targets matched well the clinical ablation lesions. The
videos for three functional reentries in three models were
also provided (See Videos S1, S2, and S3).
DISCUSSION

Although it is well understood that VT in post-MI patients
involve various components of infarct-related structural
remodeling, it has been difficult to obtain comprehensive
individualized 3D structure-function relationship in regard
to VT maintenance in the MI patient heart. This is due to
the fact that interrogating the electrical function in the
post-MI heart during VT ablation or implantable cardi-
overter defibrillator implantation involves acquiring infor-
mation from a single surface or a few pacing locations.
Despite the recent advent of higher resolution endocardial
mapping (2,5,29), information regarding the relationship be-
tween 3D infarct structure and the 3DVT propagation in the
infarct-remodeled human heart remains limited.

Constructing personalized computational models of post-
MI hearts has recently emerged as a powerful means to
Biophysical Journal 117, 2287–2294, December 17, 2019 2291



FIGURE 5 Two examples of functional reentry VT in one patient. The first column shows the biventricular model geometry. The second column shows

the activation map of each reentry in LV. The third column shows the geometry of only the LVand the predicted ablation lesion for the corresponding reentry.

The last column shows ablation targets predicted in the model (blue) and the clinical ablation lesions (red). The inset in the second panel of the first

row illustrates the two activation wavefronts colliding as they propagate from endo- and epicardium. Yellow arrows mark the wavefront propagating

from the epicardium, whereas red arrows mark the wavefront advancing from endocardium. The color scale indicates activation times for column 2.

To see this figure in color, go online.
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reveal the mechanisms of VTmaintenance (10,30), establish
propensity to VT (i.e., define risk of sudden cardiac death)
(17,19), and demonstrate the feasibility of identifying VT
ablation targets offline before the ablation procedure (31).
In this work, we used our personalized virtual-heart simula-
tion approach to provide enhanced understanding of the
types of remodeled structures that are critical for VT main-
tenance. Specifically, here, we conducted the first 3D assess-
ment of the CCCs sustaining the different VTs in these
patients, investigated their types and 3D structural features,
and related that structure to the ablation strategy for the
given VT. We also characterized the types of reentrant activ-
ity associated with the different CCCs. Our results show
that 1) the observed reentries in each patient’s model were
sustained by a limited number (2.75 1.0) of CCCs; 2) three
different types of CCCs were identified: ‘‘I’’ type, ‘‘T’’ type,
and those associated with functional reentry, giving rise to
different VT morphologies; and 3) virtual ablation of the
narrowest region in each CCC for I-type or functional
reentry VTs or at the point of intersection in the T-type
CCC was sufficient to terminate reentry in all models.
Among the different types of CCC, the I-type were found
to be most prevalent (43.8%). Interestingly, over 37% of
VT morphologies were found here to be functional reentries
2292 Biophysical Journal 117, 2287–2294, December 17, 2019
with CCCs bounded by lines of block on one or both sides
(i.e., partial or full functional reentry). The T-type CCCs
were the least frequent.

Although CCs, which create the substrate for reentry,
have been documented in animal models and in ischemic
cardiomyopathy patients by endocardial voltage mapping
(1,3,4), activation mapping (2,32), or entrainment mapping
(2), experimental and clinical studies have also shown that
CCs can be identified on LGE-MRI (1,3). The limitation
of using LGE-MRI for CCC detection is that there is no
established method to determine which CCs are the critical
ones that sustain the VTs. Perez-David et al. reported that
58% (15 out of 26) of CCs identified by LGE-MRI were
associated with the critical isthmuses of clinical VT. Fernan-
dez-Armenta et al. showed a higher ratio of 74%. In each of
our models, we determined, based on analysis of VT simu-
lation results rather than on an algorithm defining what
constitutes a channel, the CCCs for each VT. In 87.5%
(14 out of 16) of the VTs found in our study, the detected
CCCs matched the clinical ablation lesions that terminated
the VTs. Furthermore, functional reentry VTs, such as those
identified here and also observed by high-resolution record-
ings (2,29), cannot be determined from imaging alone.
That indicates that determining the CCCs with the use of
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personalized ventricular models that incorporate both a
remodeled structure and electrophysiology might provide
higher accuracy than the direct examination of LGE-MRI
to detect CCCs.

The characteristics of the I-type CCC identified in our
models are consistent with those described in other publica-
tions; the channels are bounded by core scar on all sides, and
GZ serves as conducting tissue inside the channel (1,3–5).
The mean narrowest diameter of the three CCC types found
here was 9.7 mm, very close to the value of 7.4 mm reported
by Anter et al. (2) in swine and 9.5 mm reported by Martin
et al. in patients (5). The CCC width determined from our
models has an average value of 9.7 mm. As the boundaries
of an I-type CCC were typically asymmetrical and the chan-
nel was rarely straight, VT morphologies associated with it
ranged from figure-of-eight to circular reentry. The finding
for the T-type CCC was similar in regard to the VTmorphol-
ogies it could sustain; unequal branch length, different
branch geometries, and asymmetries also resulted in VTs
of different patterns, from figure-of-eight to circular of
different circuit lengths and shapes.

We recently conducted a sensitivity study of the effect
of electrophysiological parameter variability on reentry
morphology and VT location (33). The simulation results
demonstrated that the VT ablation target uncertainty in pa-
tient-specific ventricular models with an average representa-
tion of VT-remodeled electrophysiology is relatively low, and
the ablation target locations remain the same as the localiza-
tion of the induced VTs was primarily driven by the remod-
eled structural substrate. The conclusions from the study
were that although electrophysiological parameters variation
had some effects on reentry morphology and location, our
models with average electrophysiology parameters could pre-
dict the vast majority of the reentries recorded in the clinic.
This conclusion was the same even for cases when even there
was a functional reentry aspect in the VTas even in this case,
the structural contribution to VT location remains strong.

This study is the, to our knowledge, first to characterize
the functional reentry VTs and their relation to the surround-
ing scar. Although two previous studies have mentioned the
presence of functional lines of block, one experimental (2)
and one a clinical study in patients with MI (5), the actual
contribution of the surrounding scar could not be examined
as no imaging was performed. Interestingly, over one third
of the VTs found here were either partially functional or
entirely functional reentries; in the latter cases, CCC bound-
aries were functional lines of block (i.e., surfaces of block in
3D). This is consistent with the report that the identified re-
gions of functional block in patients accounted for 30% of
all conduction barriers (5). Another important finding in
this study is that all CCCs, regardless of type, consist of
GZ tissue, the latter proving the substrate for slow propaga-
tion. This fact, although not well appreciated in clinical
research, is consistent with experimental and clinical find-
ings (34,35).
Finally, in our models, ablating an average total volume
of 460 mm3 per patient in the narrowest regions (for
T-type CCCs, this is the intersection region) of the CCCs
terminated all VTs. Lesions executed in the clinic to termi-
nate postinfarction VT typically encompass much larger
areas of tissue (an average volume of 4270 mm3). Ablating
at the narrowest part of a CCC or at the branch crossing of a
T-type CCC resulted in much smaller lesions than a typical
clinical lesion. Importantly, our predicted 3D targets were
both subendocardial (43.8%) and subepicardial (56.2%).
Thus, our simulation approach could inform the clinician
whether the predicted targets are endo- or epicardial before
the procedure so that adequate preparations could be made
as these require different preprocedure set ups, in terms of
anticoagulation and other factors.

One limitation of the current study is the small sample
size of six patients. Another limitation is that no activation
maps were acquired in the clinic, so the VT morphologies
detected in our model cannot be directly compared with
activation maps. Furthermore, clinical LGE-MRI resolution
limits the accuracy of the reconstructed channel geometry in
the longitudinal direction.
CONCLUSIONS

The results presented in this article demonstrate that the
personalized virtual-heart methodology could be used to
obtain insights into human infarct-related VT, providing in-
formation about the organization and structure of CCCs that
sustain VT, and how the different types of CCCs determine
VT morphology. Furthermore, as the ablation targets pre-
dicted in our models are consistent with the ablation lesions
executed in the clinic, the current study underscores the
potential of patient-specific models to identify offline,
before the procedure, the CCCs which sustain reentry thus
helping to guide the clinical procedure.
SUPPORTING MATERIAL

Supporting Material can be found online at https://doi.org/10.1016/j.bpj.

2019.07.024.
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