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Abstract

Left anterior fascicular block (LAFB) is a heart disease identifiable from an abnormal
electrocardiogram (ECG). It has been reported that LAFB is associated with an increased risk of
heart failure. Non-specific intraventricular conduction delay due to the lesions of the conduction
bundles and slow cell to cell conduction has also been considered as another cause of heart failure.
Since the location and mechanism of conduction delay have notable variability between individual
patients, we hypothesized that the impaired conduction in the ventricular myocardium may lead to
abnormal ECGs similar to LAFB ECG patterns. To test this hypothesis, in this study, based on a
computer model with three dimensional whole-heart anatomical structure, we simulated the cardiac
exciting sequence map and 12-lead ECG caused by the block in the left anterior fascicle and by the
slow conduction velocity in the ventricular myocardium. The simulation results showed that the
typical LAFB ECG patterns can also be observed from cases with slow conduction velocity in the
ventricular myocardium. The main differences were the duration of QRS and wave amplitude. In
conclusion, our simulations provide a promising starting point to further investigate underlying
mechanism of heart failure with LAFB, which would provide potential reference for LAFB

diagnosis.
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1 Introduction

Left anterior fascicular block (LAFB) is caused by conduction failure or slowed conduction in
the left anterior fascicle. The left anterior fascicle is delicate to injury leading to high incidence rate
of LAFB because the left anterior fascicle is thin and long, is crossing the left ventricular out-flow

tract, and blood is supplied from a single vessel. LAFB has usually been considered a benign



electrocardiographic finding [1], it is therefore often neglected. Recent studies showed that LAFB in
the elderly patients could be a useful clinical marker for various cardiovascular diseases, which is
associated with an increased risk of atrial fibrillation, heart failure and even death [2,3]. LAFB has
recently attracted increasing attention [4-6].

Many studies with heart failure patients have revealed heterogeneous left ventricular (LV)
activation patterns with different locations and extents of specific ventricular delays [7-9]. The
conduction delay may be due to the lesions of the conduction bundles and slow cell-to-cell
conduction, leading to mechanical dyssynchrony and ventricular systolic dysfunction [10]. Since the
locations and mechanisms of conduction delay have significant variability between individual
patients, a better understanding of their mechanisms would help disease diagnosis therefore increase
the therapy efficacy.

12-lead electrocardiogram (ECG) has been widely accepted as the main noninvasive diagnostic
method of cardiac diseases [11]. However, current diagnosis by the 12-lead ECG suffers from some
limitations. For instance, it could be insensitive because some cardiac diseases may have similar
waveform patterns. Previous studies on the cardiac resynchronization therapy for patients with left
bundle branch block (LBBB) have identified that slow conduction in the impaired working
myocardium of the left ventricular could lead to the similar ECG patterns of LBBB, and the
pathological working myocardium contributes to the intraventricular conduction delay of the LV,
which combining with the alterations His system leads to an overall deterioration of cardiac function
[12,13]. We therefore hypothesized that the impaired conduction in the ventricular myocardium may
also lead to abnormal ECGs similar to LAFB ECG patterns.

This study aimed to simulate and compare the cardiac exciting sequence map and 12-lead ECG
of LAFB in two clinical situations: (1) complete LAFB; (2) slow conduction velocity in the anterior
LV myocardium.

2 Methods
2.1 Anatomical Model

The heart specimen containing atria and ventricle was obtained from a healthy male adult in
Zhujiang Hospital, Southern Medical University, China. The use of the heart for research purpose
was approved by the local Ethics Committee of the Southern Medical University. The National Rules
and Regulations on Heart research were strictly followed. The specimen was scanned by spiral

computer tomography (Philips / Brilliance 64) with a resolution of 512 pixels by 512 pixels and a



spatial resolution of 0.3574x0.3574x0.33 mm (Figure 1 A and B). Details of the model were
described in our previous study [14,15].

In the model, the conduction system included sinoatrial node, Bachmann’s bundle, crista
terminalis, pectinate muscles, atrial-ventricular node, His bundle, left and right bundles and Purkinje
fibers. During the propagation, each myocardial unit has specific electrophysiological parameters
associated with the action potential of the cell unit and conduction velocity. In order to simulate the
anisotropy, the myocardial fiber orientation was contained. The excitation conduction velocity along
the fiber was set to be three times larger than that in the transverse direction within the physiological
ranges. The atrial cell in our study was based on the model developed by Courtemanche et al [16],
and the ventricular cell model from the refined ten Tusscher et al [17].

2.2 Numerical Method

The propagation of action potential was based on the monodomain model [18]:
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where V;, is transmembrane voltage, Cy, is the membrane capacitance, 4y, is surface-to-volume ratio,
o; is cellular conductivity, fion is the sum of ionic currents, /., is the sum of applied stimulus
currents.

The equation was solved numerically using explicit Euler method based on parallel
computational techniques.

The torso model in our study was taken from the virtual male subject of the United States
(Figure 1 C). To calculate the body surface potential generated by the cardiac sources, the equation

can be expressed as
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where r; is the field point in the torso volume conductor, o is the conductivity of this point, Q} is the

heart area, S; is the conductivity junction surface, and its inside and outside conductivities are ¢, and
+ .
o , respectively.
2.3 Simulations of LAFB and Slow Conduction Velocity
By blocking excitation propagation at the points of the left anterior branch near the anterior
papillary muscle, we simulated the cardiac exciting sequence map and 12-lead ECG of LAFB. The

conduction delay in the left ventricle anterior wall was simulated by slowing the conduction velocity



of the myocardium to 20%. For comparison, we also show the exciting sequence map and 12-lead

ECG in the normal case.

C

Figure 1. Model of the heart and torso: (A) anterior view of the heart; (B) posterior view of the heart; (C) the merge

of the heart into the body.
3 Results
3.1 Normal exciting sequence map and 12-lead ECG

Figure 2 shows four typical cardiac activation sequence maps. The initial onset of LV
endocardial activation was located at the septum, then at anterior and posterior wall at 112 msec, the
confluent of the three areas at 120 msec, the epicardial excitation at 135 msec and the latest
activation at the basal at the time of 196 msec. Our simulation results agreed with the experimental

data [19].
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Figure 2. Simulated activation sequences and 12 lead ECG of a normal heart. First row: the anterior view of the heart.
Second row: the posterior view of the heart. The translucent surface is the epicardium, the opaque surface represents
the endocardium. The numbers indicate the time instants of depolarization in milliseconds. The color bar with

potential amplitude is shown on the right-hand side of the maps. Last four rows: 12 lead ECG
3.2 Effect of compete LAFB on cardiac exciting sequence map and 12-lead ECG

Figure 3 shows the simulation results with the complete LAFB. The left anterior branch was

blocked, and the initial excitation of the LV free wall was yielded by the left posterior fascicular. The



excitation propagated from endocardium to epicardium, with the orientation to the bottom-right.

In comparison with the simulation from normal heart, LAFB made the propagation point to the
top-left missed, resulting in the occurrence of Q wave at lead aVL. Next, since the conduction
velocities of the Purkinje fibers and endocardial are very fast, the excitation at the ventricular septum
propagated quickly to the LV anterior wall that made the propagation point to the top-left. So lead
aVL showed a significant R wave whereas leads II, III, and aVF showed S wave. For leads V3 to V6

the R wave decreased and S wave deepened. The total duration of ventricular repolarization was 205

msec, slightly longer than that of the normal case.
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Figure 3. Simulated activation sequences and 12 lead ECG of the complete LAFB. (refer to the description of Figure

2)

3.3 Effect of slow conduction velocity of the ventricular myocardium on cardiac

exciting sequence map and 12-lead ECG

As shown in Figure 4, the initial onset of activation was the same as the normal case. However,

the excitation moved slowly in the anterior wall while much quickly in the posterior wall, leading to

a relatively weak wave pointing to top-left and a relatively strong wave pointing to bottom-right.

This resulted lead aVL showed Q wave. Since the conduction in the anterior wall was slow, the

depolarization was completed early in the posterior wall, and the last activated area was the anterior

wall that made the propagation point to the top-left. So lead aVL showed R wave, leads II, III, and

aVF showed S wave. For leads V3 to V6 the R wave decreased and S wave deepened.

The total duration of ventricular repolarization was 225 msec, longer than that of the LAFB.
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Figure 4. Simulated activation sequences and 12 lead ECG of slow conduction velocity in myocardium. (refer to the

description of Figure 2)

3.3 Comparison of the effect of compete LAFB and slow conduction velocity of the
ventricular myocardium

It is noted that there were some similar effect of LAFB and slowed conduction velocity on the
ECG patterns, but the wave amplitude and QRS duration on each lead were different. On lead aVL,
at the beginning of LV activation, the slow conduction in the anterior wall made a relatively minor

degree missing of wave propagation pointing to the top-left just like LAFB, and generated a Q wave



with smaller amplitude. Later, when the curve turned to the positive direction, for the same reason,
the slow conduction resulted in smaller amplitude of R wave. On leads II, III, and aVF, the last
activated area in the anterior wall resulting in the occurrence of S wave, but due to the slow
conduction of the propagation, the S wave were broad and gentle (see Figure 4). This reason can also
explain the difference on other leads. Table 1 shows the detail comparison of the maximum and
minimum amplitude of QRS on each lead of LAFB and slow conduction velocity of the ventricular
myocardium. The amplitude of QRS with slow conduction velocity of the ventricular myocardium
reduced the range from 16% to 59.5% compared to the LAFB. So the presences of decreased
amplitude and prolonged duration of QRS are indicators of impaired conduction in ventricular
myocardium.

Table 1. The maximum and minimum amplitude of QRS on each lead of LAFB and slow conduction velocity of
the ventricular myocardium. (SCV indicates slow conduction velocity of the ventricular myocardium. The unit of the

amplitude is millivolt.)

aVL aVF I 1T V3 V4 V5 Vo

Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min

LAFB 048 -020 133 -072 1.68 -074 099 -071 1.67 -043 140 -0.50 125 -041 1.05 -0.43

SCV 037 -0.16 093 -036 1.18 -030 0.70 -044 125 -037 123 -042 090 -034 0.73 -0.35

4 Discussions and Conclusions

In this study, a whole heart model based on a realistic human with detailed conduction system
and fiber orientation has been used to investigate the effects of conduction delay caused by LAFB
and slow conduction velocity in the impaired myocardium on the activation sequence maps and
12-lead ECG. The two simulated situations showed typical characteristics of ECG criteria required
for LAFB diagnosis on limb leads and chest leads. Although there were a few small differences
between the two effects from the two clinical situations, their simulation results demonstrated some
common ECG pattern characteristics, indicating that the LAFB induced ECG patterns can be caused
either by conduction block in the left anterior fascicle or by slow conduction in the impaired
myocardium. The main differences were the duration of QRS and wave amplitude. The presences of
decreased amplitude and prolonged duration of QRS are good clinical indicators of impaired

conduction in ventricular myocardium.



Although current interpretation of bundle branch block patterns considers the possibility that
the impaired conduction may be caused by the lesion of myocardium, current diagnosis mainly
focused on the conduction system. Since the impaired conduction in the myocardium may cause the
similar LAFB ECG patterns, our simulations provided a promising starting point for investigating
LAFB in heart failure patients, which would provide some references for clinical diagnosis.

It should be pointed out that there are several limitations in the present study. In our simulation
only the impaired myocardium located at the left ventricle anterior wall was considered, the effects
of impaired myocardium from other locations and the extent of areas have not been simulated.
Secondly, the parameters of cell model have not been comprehensively investigated, only the
conduction velocity was changed without considering the ion channel mechanisms. Finally the
model used in this study was a static heart model with electrophysiological properties, but the
mechanical functions have not been considered. Cardiac motion should be considered in future

studies to further improve the simulation accuracy.
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