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INVESTIGACION BASICA

An experimental contribution to the concept of “ Jumping
wave’ phenomenon in the interventricular septum

Gustavo A Medrano, Alfredo de Micheli,* Alberto Aranda, Pedro lturralde, Rafael Chavez

Dominguez

Summary

Objective: The purpose of this study was to eval-
uate the existence of a histologically bipartite
interventricular septum and the electrical inde-
pendence of both septal masses, as well as to
understand the changes of septal activation
fronts in the presence of bundle branch blocks.
Methodology: We examined the histological
characteristics of both septal masses in 12 ca-
nine hearts. Furthermore, in another 11 anes-
thetized dog hearts, we analyzed morphological
and chronological data of intraseptal records with
normal activation and in the presence of proxi-
mal blocks. Results: A histological discontinuity
between the two septal masses in canine hearts
seems to exist. Analysis of intraseptal and intra-
cavitary electrical records confirmed slow trans-
mission of the activation fronts from one septal
mass to the other when proximal blocks were
present. Morphological and chronological changes
of the intracavitary complexes agree with the
“jumping wave” phenomenon theory. Conclu-
sions: These results support the validity of this
approach to the activation of both septal masses
and explain the chronological and morphologi-
cal changes of the intracavitary records in the
presence of ventricular blocks. In addition, this
approach is a useful tool to detect the possible
coexistence of dead septal tissue.

Resumen

CONTRIBUCION EXPERIMENTAL AL CONCEPTO DE
“SALTO DE ONDA” EN EL TABIQUE
INTERVENTRICULAR

Objetivo: El propdsito de nuestro estudio es
aportar datos objetivos a la teoria de la biparti-
cion histolodgica del tabique interventricular y de
la independencia eléctrica de las dos masas
septales, asi como a la de los cambios de los
frentes de la activacion septal en los bloqueos
de rama. Método: Hemos examinado las carac-
teristicas histolégicas de ambas masas septa-
les en corazones caninos y humanos. Ademas,
hemos analizado los datos morfoldgicos y cro-
noldgicos de los registros intraseptales con acti-
vacién normal y en presencia de bloqueos tron-
culares de diferentes grados en 11 perros anes-
tesiados. Resultados: Hallamos datos objetivos
a favor de una discontinuidad entre las dos ma-
sas septales tanto en el corazén canino como
en el humano. El analisis de los registros eléctri-
cos intraventriculares ha confirmado la transmi-
sion lenta de los frentes de activacion de una a
otra masa septal, en presencia de bloqueos tron-
culares. Los cambios morfolégicos y cronoldgi-
cos de los complejos QRS intraventriculares con-
cuerdan con la teoria del fendmeno de “salto de
onda”. Conclusiones: Nuestros resultados apo-
yan la validez del punto de vista de la indepen-
dencia funcional de ambas masas septales y per-
miten explicar los cambios morfolégicos de los
registros intraventriculares, en presencia de blo-
queo de rama. Este enfoque es también de gran
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ayuda para detectar la posible coexistencia de
miocardio septal inactivable.
(Arch Cardiol Mex 2002; 72:282-289).

Key words: Septal histology. Septal function. Septal normal activation. Septal delayed activation. Jumping wave

phenomenon. Proximal bundle branch blocks.

Palabras clave: Particién septal histol6gica. Particion septal funcional. Activacion septal. Fendmeno del “salto

de onda”. Bloqueos de rama.

Introduction

lectrocardiography still providesthe most
E important clues for the diagnosis of de-

polarization and repolarization events
both in atrial and ventricular myocardial fibers
and under normal and abnormal conditions. This
fact is particularly relevant in the presence of
bundle branch blocks and ventricular arrhyth-
mias, in which septal electromotive forces pre-
dominate.
The concept of “jumping wave” through an“in-
traseptal barrier” was expressed a long time
ago by Sodi Pallares' and seems to function
quite well, as an operational concept, for ac-
centuated branch blocksand for ventricular arr-
hythmias. It must be taken into account that
the septal activation processis similar in both
cases.
The purpose of the present publication isto pro-
vide experimental data to support the “jumping
wave’ concept. We have already published ano-
ther article? on this subject, suggesting-both ma-
croscopi cally and microscopical ly—the existence
of amid longitudinal bundle in the interventri-
cular septum. This seemsto constitute a structu-
ral limit between both septal masses and to de-
termine the histological substrate of the so-ca-
lled intraseptal barrier.®
Some researchers, however, believe that such a
bundle could just represent a simple optical
effect, demonstrable with confocal microscopy
techniques. Therefore, in this study, we deci-
ded to examine whether those points at which
the difference in the mean septal activation ti-
mes starts to become significant in the absence
or presence of experimental bundle branch blocks,
coincide with the points that correspond to the
position of this bundle determined by micros-
copical examination.
Based on the above, this study wasaimed at eval-
uating the existence of a histologically bipartite
interventricular septum and the electrical inde-
pendence of both septal masses.

Material and methods

|. Histological study

Cross sections were made in 12 dog hearts previ-
oudy fixed in 10% formaldehyde. We chosetheven-
tricular dices of the media portion, which corre-
spond to theinsertion point of the papillary muscles
of theleft ventricle. Histological sectionswere made
on the media anterior portions of the interventri-
cular septum of the dog hearts (Fig. 1A). Tissues
were embedded in paraffin; 4-um sections were
obtained and stained with hematoxylin-eosin and
Masson'’ strichrome for further analysis. Measure-
ments of the position of the observed septal longi-
tudinal bundle were performed on dides, using a
ruler under microscopic control, from the left sep-
tal surface in aregular fashion to the longitudinal
bundle in the middle third of the interventricular
septum. On the same preparations and under the
same conditions, measurements were also made
fromamiddle point of theright septal surface, irre-
gular due to the presence of myocardia trabecu-
lae, to the muscular bundle.

Histological sections of theinterventricular sep-
tum were made also in 6 rat hearts (Fig. 1B).

Il. Electrical study

Onanother 11 dog hearts, beating in situinthe open
thorax, and artificially breathing by means of a
Palmer pump,* we recorded the septal activation
times without and with bundle branch blocks.
Bipolar and unipolar recordingswere obtained from
all these animals, anestheti zed with sodium pento-
barbital (30 mg/kg, intravenoudy applied). Weused
aNo. 15or 16trocar perforated with 10 or 12 holes
of 0.5 mmaongthesheathand atal or 1.2 mm
distance. Two very fineisolated copper wireswere
introduced in each hole, atotd of 20 or 24, dlong
the sheath of thetrocar. An arrowhead was attached
tothetip of the needle and the device was covered
with Lucite, which once dry was varnished. The
unit was tested with an ohmmeter to detect possi-
ble short circuitsin contiguous wires.

Thetrocar wasintroduced through the middle part
of the anterior third of the right ventricular free
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Fig. 1A. Cross section of a dog heart at the level of the root of papillary
muscles. The longitudinal muscular band separating the septum in two
portions can be observed.

Fig. 1B. Histological section of the interventricular septum in rat heart. It
corresponds to a muscular bundle located between two groups of myocardial
fibers oriented in different directions.

wall and directed to the middle portion of the
right septal surface, fromright toleft, fromthefront
to the back, and from the top down. Thiswas done
to avoid damaging the trunk of the right branch of
the His bundle, and to reach the middle portion of
the left septal surface, away from and below the
main trunk of the left branch as well as the first
portions of its distal subdivisions. The arrowhead
trocar was then removed gently and placed on the
septal surface. Theinitia portion of the maintrunk
of the left branch at the level of the septal sigmoid
valves of the aorta was subjected to pressure and
friction by means of a blunt-tipped stylet, causing

GA Medrano y cols.

an advanced degree left bundle branch block
(LBBB). Its morphol ogies were recorded with the
neighboring bipolar and unipolar leads. Once the
LBBB had disappesared, theright branch at itsmid
third or dlightly aboveits mimetic portion was sub-
jected to pressure. Recordings of each block were
made with a cathode rays oscill oscope.

Bipolar recordings were obtained at each perfo-
ration and between two neighboring perforations;
however, those obtained at the perforationswere
morereliable and constant even without filtering
the slow frequencies. In fact, the bipolar records
were obtained filtering the slow frequency (7
cycles per second), using a high frequency re-
cording bandwidth of 150 cycles per second. Uni-
polar records were obtained with abandwidth of
150 cyclesfor the high frequency and of O filte-
red for the low frequencies.

Thebipolar records depicted positive or biphasicin-
flections between the dow flat pre- and post-intrin-
scphenomena. Thevertex of the positivedeflection
or thefast drop closest tothevertical linewasjudged
by two observers -one of the authors and an unbia-
sed expert, not involved in thiswork- as the instant
corresponding to the passage of the activation dipo-
le through the pair of exploring electrodes. The ex-
plored points are be shown in Figures 2 and 3.

I11. Statistical analysis

The values of the difference between the time of
septal activation onset and the arrival of the acti-
vation wave to each of the contact points of the
electrodes in the interventricular septum explor-
atory needle were included in the database of the
SPSS software. This matrix was used for the cor-
responding analyses. Analyses included central
tendency and dispersion of all measurements of
each experiment. The arithmetic mean, the stand-
ard deviation, and the standard error of the mean
were obtained for each explored point. The ob-
tained valueswere compared using paired “t” test
to determine the significant difference at aproba-
bility of 0.05% of theinitial point with respect to
each exploring electrode. M ean values and stand-
ard error of the mean were plotted separately in
two graphs: one to examine the behavior of septal
activation in the presence of an experimental
LBBB compared to acontrol, and the other in the
presence of RBBB with its respective control.

Results

1. Histological findings

Microscopic sections of the 12 canine heartsre-
vealed a different orientation of the myocardial

www.archcardiolmex.org.mx
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septal fibersat the papillary musclelevel. Histo-
logical preparations showed alongitudinal mus-
cular bundle located among the septal myocar-
dial fibers, directed transversely in the opposite
direction. This bundle unevenly divides the in-
terventricular septum. Figure 1A depicts a mac-
roscopic canine heart preparation, revealing that
in the middle third of the interventricular sep-
tum, the bundle is closer to the right septal sur-

Septal activation time: control and with LBBB
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Fig. 2. Difference between the average times of control septal activation
(below) and delayed septal activation due to a LBBB (top). This difference
becomes significant at 2.4 mm depth from the right septal surface. Abscissa:
Distance in millimeters from the right septal surface. Ordinate: Time of septal
activation in milliseconds. RSS = Right septal surface.

Septal activation time: control and with RBBB
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Fig. 3. Difference between the average times of control septal activation
(below) and delayed septal activation due to a RBBB (top). This difference
becomes significant at 4.8 mm depth from the left septal surface. Abscissa:
Distance in millimeters from the left septal surface. Ordinate: Time of septal
activation in milliseconds. LSS = Left septal surface.
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Table I. Position of the septal longitudinal fascicle.

STD STD

Mean mm N Deviation Error

From the left

septal surface 4.14 11 1.14 0.344
From the right

septal surface 3.14 11 0.95 0.286

Paired “t" = 3.403; 10 freedom degrees and 2 tails. p = 0.007

face than to the left one. The opposite orienta-
tion of the septal myocardial fibers can be seen
clearly even in the rat heart (Fig. 1B), as was
evident in six observations.

M easurements performed by one of us (Aranda)
in 11 dog hearts allowed usto locate the longitu-
dinal fascicle at an average of 4.14 mm (range 3
to 6) from thel eft septal surface and at an avera-
ge of 3.14 mm (range 1.5 to 4) from the right
septal surface (Tablel). Thesedistancesweresig-
nificantly lessthan those from the | eft septal sur-
face. Comparison analysisrevealed a statistical -
ly significant difference, at aconfidenceinterval
of 99%.

2. Electrical findings

The analysis of the changes in the septal activa-
tion process at the mid-third of the interventri-
cular septum, performed on the oscilloscope re-
cordings from the other 11 dogs, revealed the
following findings. In the presence of a LBBB
(Fig. 2), asignificant difference was found be-
tween the average time of activation in the con-
trol and the delayed activation induced by the
block (asterisk) starting at 2.4 mm of depth from
theright septal surface. In contrast, whenaRBBB
(Fig. 3) was produced, the difference between
the control and the delayed activation induced
by the block (asterisk) was observed starting at
4.8 mm of depth from the | eft septal surface. Dots
on the lines indicate the average experimental
valuesand the bars (“greater than” to “lessthan”)
correspond to the standard error of the mean.
Asterisks indicate a statistical significance of p
< 0.05 when analyzing the experimental values
with their corresponding control using the paired
“1” test.

These findings could satisfactorily explain the
morphology and chronology of an accentuated
LBBB when the right septal massis electrically
stimulated*® and of an accentuated RBBB when
theleft septal massisstimulated.® Infact, LBBB
morphologies (Fig. 4) appear in the intracardiac
and external leads when stimulating the apex of

Vol. 72 Namero 4/Octubre-Diciembre 2002:282-289
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Fig. 4. LBBB morphologies appear in left leads when stimulating the apex
of the right ventricle (STIM VD) with a stimulation cycle of 400 msec. The
ventricular activation sequence is from the apex of the right ventricle (VD
Apex) to right septal mass (VD Sept) and, finally, to the apex of left ventricle
(VI prox). VD = right ventricle. VI = left ventricle.

theright ventricle (STIM VD) with astimulation
cycle of 400 msec. In thisexample, the ventricu-
lar activation sequence goes from the apex of the
right ventricle (VD Apex) to theright septal mass
(VD Sept) and, finally, to the apex of the left
ventricle (VI prox). On the other hand, RBBB
morphologies (Fig. 5) are recorded in the intra-
cardiac and external leads when stimulating the

GA Medrano y cols.

apex of theleft ventriclewith astimulation cycle
of 400 msec. In this case, the ventricular activa-
tion sequence goes from the apex of theleft ven-
tricle (STIM VI) to the right septal mass (VD
Sept) and, finally, to the apex of the right ventri-
cle (VD Apex).

Commentary
There are embryological and histological datain
favor of the separation of the two septal masses.

Embryological data

According to De Vries and Saunders,” the inter-
ventricular septum is formed by coupling of the
right and left walls of the primitive ventricleand
of the bulbus cordis (left and right prospective
ventricle, respectively). In turn, Harh and Paul®
demonstrated experimentally the mechanism
described by the aforementioned authors: the
interventricular septum isformed by the folding
and fusion of thetwo primitiveventricular walls,
explaining why each septal mass possesses a spe-
cific design pattern. In fact, a separation between
the right and left septal masses can be clearly
observed in Jean Lenegre’'s and Maurice Lev's
histological preparations’ that reveal an appar-
ent cleavage plane between theright and | eft sep-
tal masses at the anterior lower half of the inter-
ventricular septum.

Histological data

Macroscopic evidence obtained in our study
agreewith thefindingsof Torrent-Guasp.X® In our
histological preparations, the change in fiber
orientation is more pronounced at the mid-third
level of the interventricular septum: a large
proportion of the septal fibers are transversaly
arranged, emerging in angles that produce a
cleavage with thelongitudinal ones. Theseangles
were aso studied by LeGrice et al.!* Their des-
cription corresponds to our findings: transverse
fibers moving perpendicular to longitudinal ones.
According to certain electrophysiol ogists, 2% the
opposite orientation of the myocardial fibers,
when observed in a three-dimensional perspec-
tive through a confocal system, produces the
image of amedial band. Nevertheless, the work
of LeGrice et al. (1997)% refers to the structure
of ventricular free walls and the paper of Y oung
et al,®® only addressestheleft ventricular freewall
of the rat heart.

We believe that the muscular longitudinal bun-
dle, observed in our histological preparations,

www.archcardiolmex.org.mx
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Fig. 5. RBBB morphologies appear in recording leads when stimulating the
apex of the left ventricle (STIM VI) with a stimulation cycle of 400 msec.
The ventricular activation sequence is from the apex of the left ventricle
(STIM VI) to the right septal mass (VD Sept) and, finally, to the apex of the
right ventricle (VD apex). This figure corresponds to the same case of figu-
re 4. VD = right ventricle. VI = left ventricle.

constitutes an actual structure and is not an opti-
cal artefact, although we have not been able to
perform an ad hoc study using a confocal sys-
tem. On the other hand, the separation of thetwo
septal masses observed in our histological pre-
parations seemsto coincide with theregion where
the difference between the average time of nor-

287

mal activation and that of the delayed activation
induced by the blocks becomes significant: it is
closer to the right septal surface than to the | eft
one. Furthermore, the human heart slice, at the
papillary muscle level, also shows an opposite
orientation of the myocardial septal fibers.?

Electrical data

Our findingsindicatethat theregion through which
the activation fronts pass from one septal mass to
the other —dlow and delayed- is closer to the right
septal surface than to theleft. This agrees with the
frequent observation that at the media portion of
theinterventricular septum, theleft septal mass pre-
dominates over the right. It also agrees with the
asymmetric position of the mid muscular bundle,
which apparently separatesthe septal massesat an
average of 3.14 mm from the right septal surface
and at an average of 4.14 mm from the left septal
surface. Thedifference between the control and the
block-induced delayed activation timesiseven more
marked at the points farthest from the septal sur-
faces, where the depolarization fronts, after cross-
ing theintraseptal barrier, must betransmitted from
one contractile fiber to another through high elec-
trical resistance cedllular junctions.

The electrical independence of the two septal
masses was documented many years ago by
Maekawa,** by Rubio and Rosenblueth,*s and by
the Mexican School of Electrovectorcar-
diography.’® In fact, the advance of depolariza
tion fronts through the interventricular septumis
different from normal activation when bundle
branch blocks or ventricular arrhythmias are
present. At the boundaries of the septal masses,
the activation fronts advance slowly asthey doin
theregion of the atrioventricular node.? This phe-
nomenon, defined as* jumping wave’ by theMex-
ican School,* can be satisfactorily explained based
on the existence of an “intraseptal barrier”.* This
can be demonstrated by intraventricular unipolar
recordings during experimental’® and invasive®®
electrophysiological studies. The dlow depolariza-
tion observed deep within the septal mass, in the
presence of a BBB or PVC, could be explained
by axia and/or transverse septal depolarization.
In fact, some authors® have stated that transverse
or perpendicular depolarization is two to four
times dower than axial depolarization.

Statistical analysis
Thereference point isthefirst measurement, and
it contains the basal value before the maneuver.

Vol. 72 Namero 4/Octubre-Diciembre 2002:282-289



288

The following points are the time series of the
induced activation, either plain (control) or de-
layed by the experimental branch block (the
maneuver). Exploratory intervals between them
are fixed by the exploratory needle.
Student’s“t” test was used to compare the activa-
ting behavior time between control and experi-
mental conditions. The intention was to determi-
ne the point where the difference became signifi-
cant based on thetimeintervals. ANOV A was not
selected because it would nullify the changing
moment. Sincethe activation timefor each explo-
ratory point was given by multiple experimental
measurementsat different points, to appreciatethe
time difference between control and the experi-
mental measurementsit was necessary to compa-
redataarrangementspoint by point. Actually, each
point represented population data, and the com-
parison between two points became the differen-
ce between two populations.

Statistical analysis of the experimental values
revealed that arrival time of the activation front
during branch blocks differed significantly from
the control activation time tended to be earlier
with aLBBB than withaRBBB. In other words,
the point of onset of asignificant delay in septal
activation during a block is much closer to the
right septal surfacethan to the left septal surface
when compared to control time. This was to be
expected in the middle third of theinterventricu-
lar septum, where the left septal massis thicker
than the right septal mass.

Likewise, records obtained by stimulating ven-
tricular myocardial fibers, both under normal
conditionsand in the presence of ventricular arr-
hythmias or BBB,?? offer invaluable informa-
tion for the diagnosis of a necrotic septal zone.
Thus, the“jumping wave” phenomenon helpsto
detect a septal necrosis complicated by an ac-
centuated left bundle branch block®? or aven-
tricular arrhythmia. 2 In fact, the activation fronts

GA Medrano y cols.

advancing from the septal mass that first acti-
vate toward the contralateral side must surround
the obstacle formed by the no activated myocar-
dium. Thisinducesan initial negative deflection
in the left leads, which should record exclusive-
ly positive ventricular complexes.

Conclusions

The findings described here support the con-
cept of ahistological and functional bipartition
of the interventricular septum in experimental
animals, and probably in human hearts as well.
Both septal masses, left and right, receive inde-
pendent activation impulses, each by the corre-
sponding conduction pathway. In fact, the sep-
tal activation is not of a syncytia type. If the
conduction pathway is blocked, the direction
and duration of the septal depolarization will
change and thus the morphological and chro-
nological aspects of the intracavitary complex-
es are changed. It seems therefore justified to
infer the “intraseptal barrier” and “jumping
wave” concepts. In the presence of bundle
branch blocks, the chronological and morpho-
logical changes of intraventricular and external
complexes in clinical tracings resemble those
obtained in experimental records.

Thefindings reported here satisfactorily explain
the slowing down of the activation fronts, aswell
asthe concept of the “jumping wave’ phenome-
non, which in turn could explain the slurred and
notched R waves in leads exploring the blocked
ventricle. These aspects of the ventricular elec-
trical phenomenon help to establish the coexist-
ence of anecrotic septal zone in the presence of
ventricular conduction disorders. In fact, when a
LBBB ispresent, the activation fronts, in the in-
terventricular septum, must surround the obsta-
cle and, therefore, make it possible to recognize
signs of septal “necrosis’ despite the presence
of an accentuated left bundle branch block.
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