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I. FUNCTIONAL CONSIDERATIONS OF THE VENTRICULAR
MYOCARDIAL BAND

After the analysis of the anatomical description of Tor-
rent Guasp’s ventricular myocardial band (1) (Figure
1) and the subsequent electrophysiological research
that we performed in patients in previous studies, (2,
3) a clarifying interpretation of a few fundamental
items is needed. Of the three spiral turns made by the
descending segment in relation with the ascending
segment, the first two successively pass at the front
and behind the ascending segment, constituting the
basal loop. (Figure 2). This last step, after the ventric-
ular myocardial band folds and becomes the descend-
ing segment, is again behind the ascending segment;
thus the helical disposition is lost in this spatial ar-
rangement of the apical loop. This anatomical helical
arrangement of the myocardial band segments keeps
an important correlation with cardiac function. (4)

A ventricular narrowing movement occurs in the
basal ventricular area of the heart. The phase of sys-
tolic narrowing (systolic contraction) starts with the
consecutive activation of the right and left segments
of the basal loop. The electrical activation progresses
towards the descending band segment (axial activa-
tion) and simultaneously activates the ascending band
segment (radial activation), as we have found in our
investigations, (2, 3) (Figure 3) producing a helical
torsion movement with subsequent shortening of the
left ventricular vertical axis (ejection). The ventricu-
lar apex, constituted by the arrangement of the subep-
icardial fibers which become subendocardial with ven-
tricular torsion, constitute a free apex with a pouch
to bear intraventricular pressure exerted by the heart
due to ventricular shortening. Then, the contraction
of the ascending band segment, its stiffness and ven-

Fig 1. Right ventricular free wall. PA: pulmonary artery. S.En.F:
Subendocardial fibers. S.Ep.F: Subepicardial fibers.
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Fig 2. Ventricular myocardial band. The different segments of
the ventricular myocardial band are shown. In blue: basal loop.
In red: apical loop. Image in color available at the website.
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Fig. 3. A. Onset of left ventricular activation. The /eft panel shows the depolarization of the interventricular septum at 12.4 ms, corresponding to
the descending band segment. In the right panel, the ventricular epicardium (ascending band segment) has not been activated yet. B. Simultaneous
activation of the band segments. The activation progresses in the left ventricular septum through the descending band segment (axial activation)
and simultaneously propagates towards the epicardium (radial activation) activating the ascending band segment at 38.2 ms. C. Bidirectional acti-
vation of the apex and the ascending band segment. The panel shows the end of septal activation, extending towards the apex, synchronously with
the epicardial activation in the same direction. At the same time, the epicardial activation is directed towards the base of the left ventricle (48.4 ms).
D. Progression of activation. The panel illustrates the progression of activation in the directions of the previous panel (58 ms). E. Late activation of
the ascending band segment. At this moment, corresponding to approximately 60% of QRS duration, subendocardial activation (descending band
segment) is already complete. The distal portion of the ascending band segment (epicardial segment) is depolarized later. This phenomenon cor-
relates with its persistent contraction during the initial diastolic phase (988 ms). F. Final activation. The right panel shows the very late activation of
the distal portion of the ascending band segment after 116.6 ms in a modified left anterior to left posterior-lateral oblique projection.

tricular lengthening determine an active mechanism
during the isovolumic diastolic phase. This situation
keeps the ventricle in an isovolumic state, but with
a decrease of intraventricular pressure (untwisting
and active suction) that is followed by atrioventricu-
lar valve the opening and ventricular filling (expan-

sion phase). Left ventricular shortening (descending
movement of the ventricular base) and lengthening
(ascending movement of the ventricular base) (5) cor-
relate with Newton’s law of action and reaction. (6)
As a consequence of the anatomic and functional
process, under normal conditions, the annular nar-
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rowing (a sphincter-like function) of the apex (the
space between both band segments) is necessary to
tolerate the retrograde pressure of the chamber pro-
duced by blood ejection.

During the initial isovolumic phase, which has
been wrongly considered as part of diastole, but is
an active process that should be referred to as suc-
tion phase, the persistent contraction of the ascend-
ing band segment with left ventricular lengthen-
ing causes a sufficient decrease of intraventricular
pressure to produce ventricular suction. This fall in
intraventricular pressure, found in our current in-
vestigations with cardiac resynchronization therapy,
is produced due to persistent contraction of the as-
cending band segment during the isovolumic phase,
and when the ventricle lengthens, it sucks blood by
a suction mechanism similar to a “plunger” (suction
phase). When this pressure is negative enough (<10
mm Hg) and the ventricle has lengthened and “un-
twisted”, the mitral valve opens and the ventricle is
abruptly filled with blood coming from the atrium
(filling phase). (7-10)

The circulatory system of annelids uses a peri-
staltic movement for the progression of contraction.
Propagation of contraction follows the pattern of axial
activation, but after the evolutionary twisting of the
circulatory system in birds and mammals, radial ac-
tivation develops (Figure 3B). In this way, both band
segments present the helical movement necessary to
produce the associated movements of ventricular tor-
sion and untwisting-suction.

The helical ventricular myocardial band of Tor-
rent-Guasp has been criticized because it is difficult
to visualize. On the contrary, the images obtained
with magnetic resonance imaging (11, 12) and the
logical evolutionary phylogenetic concept is against
these criticisms. Born as a loop of the arterial semi-
circle of amphibians and reptiles as adaptation to ter-
restrial life, the myocardial fibers intensely joined in
their contact surfaces, constituting the myocardial
band segments. Birds and mammals required this
fiber arrangement to eject blood flow into two circu-
latory systems (systemic and pulmonary circulation)
at a high velocity and in a short period of time. The
mechanical efficiency obtained by the mechanisms
of ventricular torsion and untwisting could not be
modified, as, since the beginning of the evolutionary
process, these mechanisms depended on the propaga-
tion of the electrical impulse through the anatomical
pathways. (13, 14)

The fact that the descending band segment makes
two turns behind the ascending band segment with-
out entwining is explained by ontogeny. Thus, a distal
cardiac zone (apex) is created that contains the resid-
ual systolic blood volume, where the helical movement
has lower amplitude, with a first turn to the left dur-
ing systole (seen from the apex) and then to the right
at the beginning of the suction phase, with the con-
traction of the ascending band segment. Also, the api-

cal loop has an accordion-like movement that short-
ens in systole and lengthens during the isovolumic
phase (active suction). This longitudinal movement
of apex-base contraction during systole and lengthen-
ing during the isovolumic phase accounts for 75% of
the left ventricular capability of ejection and suction,
respectively. The transverse interaction of narrowing
(in systole) and widening (in diastole) of the basal loop
contributes with only 25% of ventricular volume.

As the maximal reduction in ventricular pressure
is achieved in only 15-20% of diastole, it is reasonable
to think that diastole is an active mechanical process
and not just simple passive relaxation. The time taken
by diastole to achieve its maximal negative pressure
(120 ms) is similar to the time taken by systole to
achieve its highest ejective pressure (140 ms). The ar-
chitecture of the sarcomere in the spatial integration
and its contractile scaffolding and biochemical con-
formation, implies the presence of elastic properties
added to the active phase. The activation of the as-
cending band segment generates a negative intraven-
tricular pressure by acting on the elastic myocardial
properties in order to attain the optimal elastic recoil
of the sarcomeres in terms of adequate time and re-
laxation. Breaking this limit in elastic recoil imposed
by the muscle architecture of the heart will impact on
the development of heart failure. (15)

Residual systolic blood volume represents 30% of
the total end-diastolic volume. Between systole and
diastole, the left ventricle is a closed chamber filled
up with incompressible blood so that its volume can-
not change regardless of the degree of muscle con-
traction. Therefore, this phase is isovolumic, and as
muscle contraction cannot modify the blood volume,
intraventricular pressure decreases, favoring dias-
tolic filling. Under these conditions, the reduction of
intraventricular pressure will depend on the ability
of muscle contraction and the geometry of the cham-
ber affecting the distribution of pressures. The pres-
ence of an incompressible fluid and the geometry of
the chamber containing blood volume are necessary,
from the point of view of physics, to produce a signifi-
cant reduction of intraventricular pressure favoring a
“plunger effect”.

There is a range of residual systolic blood volume
that is optimal for suction. If blood volume is higher,
muscle contraction must increase to create the neces-
sary fall in pressure. On the contrary, if blood volume
is lower, the interaction between the walls will hinder
the suction mechanism and the boundary layer phe-
nomena in diastole will alter ventricular filling. From
a physical point of view, an increased end-systolic vol-
ume will affect the suction mechanism which will be
thus related with the volume ejected during systole.

1l. PROPAGATION TIMES OF ELECTRICAL ACTIVATION
THROUGH THE VENTRICULAR MYOCARDIAL BAND

The sequence of left ventricular endocardial and epi-
cardial electrical activation was studied in five adult
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patients aged between 19 and 42 years using three-
dimensional electroanatomic mapping with the Carto
navigation and mapping system (Biosense Webster,
California, USA), which allows a three-dimensional
anatomical representation with activation maps and
electrical propagation. The propagation time of elec-
trical activation was measured in milliseconds (ms).
Isochronic and activation sequence maps were con-
structed and correlated with the surface electrocardi-
ogram. Apical, lateral and basal views were obtained.
As the myocardial structure has an endocardial por-
tion and an epicardial portion, called by Torres Guasp
descending band and ascending band, respectively,
(1) two sites of puncture were used for mapping. (16)

Figure 3 shows the propagation of endocardial and
epicardial activation. In every pair of figures, the left
panel shows the right lateral projection and the right
panel shows the simultaneous left anterior oblique
projection. The activated zones at each moment are
shown in red. The activation of the descending band
and ascending band segments constituting the left
ventricular muscle structure in the rope model is rep-

resented below each pair of figures. (1) The depolar-
ized area at that moment is represented in red and
those areas previously activated and in refractory pe-
riod are represented in blue. Mean propagation time
of the electrical activation through the ventricular
myocardial band (in ms) is observed beside each rope
(see also Tables 1 and 2).

The activation of the left ventricle initiates in the
interventricular septum, 12.4 = 1.816 ms after acti-
vation starts (Figure 3A). An epicardial area is also
activated at that moment -the ascending band seg-
ment- evidencing radial activation at a point that we
called the “crossing of band segments”. This activa-
tion starts 25.8 + 1.483 ms after septal stimulation
(Figure 3B, Table 2) and 38.2 = 2.135 ms after the
initiation of cardiac activation. Simultaneously, it ex-
tends axially towards the ventricular apex, following
the anatomical arrangement of the descending band
segment at a mean time of 58 + 2.0 ms (Figure 3C and
D, Table 1). After the “crossing of band segments”,
the activation loses its unidirectional character and
becomes more complex. Three simultaneous wave-

Case 1 Case 2 Case 3 Case 4
Figure 3A 10 12 13 15
Figure 3B 35 38 37 41
Figure 3 C 45 47 49 52
Figure 3D 55 59 57 61
Figure 3 E 94 98 98 e
Figure 3 F 115 118 114 120

SD: Standard deviation.
Case 1 Case 2 Case 3 Case 4 Case 5
25 26 24 26 28

SD: Standard deviation.

Case 5 Mean SD Table 1. Activation times (in
milliseconds)

12 12.4 1.816
40 38.2 2.135
49 48.4 2.332
58 58.0 2.000
95 96.8 1.939
116 116.6 2.154

Mean D Table 2. Time of radial propa-

gation (from the descending

25.8 1.48 band segment to the ascend-

-51ms

'ﬂ .0 mm/sec

ing band segment) (in milli-
seconds)

Fig. 4. Endocardial activation
ends in the area corresponding
to the mitral annulus. Overall en-
docardial activation "occupies”
approximately 60% of QRS dura-
tion (line D in the right panel).
Epicardial activation probably
started before, but surely it ends
during the final part of the QRS.
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fronts are generated: 1) the distal activation of the de-
scending band segment towards the apical loop; 2) the
depolarization of the ascending band segment from
the crossing point towards the apex; and 3) the activa-
tion of this band segment from the crossing point to-
wards the final end of the muscular band in the aorta.
Figures 3 D, E and F show the progression and end of
this process. The endocardial activation finishes well
before the end of the QRS (Figure 4); the rest of this
process corresponds to late activation of the distal por-
tion of the ascending band segment, which explains its
persistent contraction during the isovolumic diastolic
phase, basis of the mechanism of ventricular suction
(Figure 3F).

11l. ECHOCARDIOGRAPHIC CONCEPTS
Currently, echocardiography is capable of providing
non-invasive information about the complex mecha-
nism of myocardial contraction. The analysis of 2D
myocardial strain based on speckle tracking echocar-
diography demonstrates opposing rotation of the left
ventricular apex and base, which produces ventricular
torsion (systolic contraction) and subsequent untwist-
ing (suction mechanism, “plunger effect”) (Figure
5). As seen from the apex, counterclockwise rotation
(apical rotation) is expressed as a positive value and
clockwise rotation (basal rotation) is expressed as a
negative one. Left ventricular torsion is calculated
as the difference between the counterclockwise api-
cal rotation curve (positive) and clockwise basal rota-
tion curve (negative). In normal subjects, this value is
about +11° and apical rotation predominates.

Deviation of this value is generally a marker of
heart disease; yet, it should be noted that the normal
values of left ventricular rotation and torsion can vary
and depend on the technique used, the location of the
area or interest (subendocardium or subepicardium),
age and loading conditions. (17)

The radius of subepicardial rotation is greater

than that of the subendocardium. The subepicardium
consequently provides greater torque than the suben-
docardium, and as a result subepicardial rotation is
more significantly expressed at the apical level.

In dilated cardiomyopathy, impairment of left ven-
tricular systolic torsion is proportional to the level of
left ventricular dysfunction and is related with re-
duced amplitude of rotation at the apex, while basal
rotation can be normal or reduced. In some of these
patients, the apex and the base rotate in the same
clockwise direction. A rapid normalization in patients
responding to cardiac resynchronization therapy can
predict inverse remodeling at 6 months.

In summary, the novel echocardiographic tech-
niques support the morphological distribution of
the “ventricular myocardial band” and provide addi-
tional information about the significant impairment
imposed by a deficit in atrioventricular synchrony
which significantly improves with resynchronization
therapy.

IV. INTRAVENTRICULAR PRESSURE AND SUCTION
MECHANISM

During cardiac resynchronization therapy, we meas-
ured intraventricular pressure to achieve evidence of
improved suction mechanism in the isovolumic dias-
tolic phase. Figure 6 A shows the left ventricular pres-
sure curve in a patient with left bundle branch block
before implanting a cardiac resynchronization therapy
device. The hypothesis is that left bundle branch block
modifies left ventricular activation sequence and, in
consequence, mechanical sequence is also impaired.
Thus, the sequential activation of the band segments
is also impaired and the suction mechanism is lost.
Consequently, diastolic pressure increases. Stimula-
tion of the left ventricular endocardium (the area cor-
responding to crossing of band segments) in cardiac
resynchronization therapy would reestablish the nor-
mal electrical activation and mechanical sequence of

Fig. 5. Peak torsion and untwisting
velocities.
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Fig. 6. Left ventricular pressure
curve in a patient before (A) and
after (B) cardiac resynchroniza-
tion therapy.

both band segments. The suction mechanism would
also be restored and left ventricular diastolic pressure
would decrease (Figure 6 B), improving heart failure
symptoms.

V. THE JURDHAM PROCEDURE

The Jurdham procedure consists in inserting an endo-
cardial left ventricular lead from the right atrium via
a femoral transseptal sheath for cardiac resynchro-
nization therapy. (18,19) A right femoral approach is
used and the lead is then tunneled to the subclavian
vein. The technique has been proved to be feasible
and safe without significant complications, but lacked
a physiological explanation of its benefits. At the same
time, our team was capable of evaluating the normal
sequence of left ventricular endocardial and epicar-
dial electrical activation using three-dimensional
electroanatomic mapping with the Carto navigation
and mapping system, confirming physiological effects
as systolic ventricular torsion and the effect of active
suction in the isovolumic diastolic phase.

From the perspective of our investigations, the ex-
planation becomes much more coherent in the effect
achieved with this resynchronization technique. Car-
diac resynchronization therapy via the endocardial
approach would restore normal electrical activation
in the ventricular myocardial band and, consequently,
in mechanical function.
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