Experimental and Clinical Studies on the
Mechanism of Ventricular Tachycardia by Using
Electrophysiology and a Three-dimensional
Reconstructive Study of Myocardium
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Fig.1. A schematic drawing showing arrange-
ment of electrodes and connection of equip-
ments. The heart is presented as viewed from
the left ventriclar apex. AOQ, aorta; PA,
pulmonary artery; RA, rigyt atrium ; LA, left
atrium ; RVA, right ventricular apex; LAD,
left anterior descending artery ; IA, infarction
area ; BA, border area; NA, normal area.
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Fig.2. Programmed ventricular stimulation.
Three ventricular premature veats (S, Ss and
S, are consecutively given during ventricular
pacing (S) with a basic cycle length of 400
msec. II, ECG lead II; MAT 1~7, the sites
of epicardial mapping by using mat electrode ;
arrow heads, stimulation spikes.
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Fig.3. Schematic representation of the epica-
rdial mapping. The mat electrode placed on
the left ventricular wall. Twenty four sites
of epicardial potential were simultaneously
recorded.
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Fig. 4. Schematic representation of electrodes
utilized for intramural recordings during
initiation of ventricular tachycardia. Plunge
needles contain three vipolar pairs transmura-
lly determining three tangential activation
planes. The first electrode (No.l) is fixed to
the endocardial surface by a hooked fixator.
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Fig.5. Schematic representation of three dim-
ensional mapping. Twenty four needle
electrodes are inserted into the heart at the
same sites of epicardial mapping. The four
layers (endocardial, deep intramural, superfici-
al intramural and epicardial) of isochronal
activation map is illustrated.
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Fig. 6. Repetitive ventricular response in a

dog. A nonstimulated ventricular veat (RVR)

occurs after the last premature stimulus (S,).

The earliest activation is recorded at site 4 in
the epicardial mapping.

Table 1. Pathological findings of clinical cases

Case Fat Fib Deg Scl End Inf Dys Ani
1. + - -+ - - - - -
2. RVOT i ++ + - - - - +

RVD i + # - + - + +

LV + % o+ - o+ = o+ o+
3. — _— —_— —_— —_— —_ —_— —_—
4. + - o+ - = = = =
5. H#* - — — — - - —
8. # + -+ - - - - -
7. H H H - - - - +
8. + - - =+ 4+ - -
9. - - - - # — - +
10. — - — - - — — —
11. - - + - - - - —
12. -+ H# + - + + - +
13. + - + - - - - —
Control —-/+ - - = - - = -

Fat, fatty change; Fib, fibrosis; Deg, myocardial degenerat-
ion or necrosis: Scl, coronary arterial sclerosis; End, end
and epicardial change; Inf, inflammatory cell infiltration;

Dys, dysalay; Ani, anisocytosis or anisokaryosis.

—, none;

+, mild; 4, moderate; f, severe. RVOT, right ventricular
outflow tract; RVD, right ventricular diaphragm; LV, left

ventricle
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Fig. 7. Initiation of sustained ventricular tac-

hycardia in a dog with delayed potentials.
Monomorphic sustained ventricular tachycard-
ia is initiated by two consecutively given
ventricular premature veats (S; and Sj during
ventricular pacing with a basic cycle length
of 300 msec. Delayed potentials (arrow
heads) are observed during tachycardia as
well as during stimulation.
MAT 1~23, the sites of epcardial mapping by
using mat electrode.
Regular 2:1 conduction block of delayed
potentials are noted at the sites 19 and 22,
The earliest excitation point is located at site
15 where delayed potentials are recorded
during sinus rhythm.
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Fig. 8. Pattern of conduction in epicardial
mapping during sustained ventricular tachyca-
rdia in a dog. Epicardial activation spreads
from the epicardial breakthrough site (—).
The numbers indicated in the map are the
activation times (msec), measured from the
onset of QRS complex. The above mentioned
items are applied to the Fig9 and Fig.10.
The colors represent the activation times as
follows. Red, 0—4mesec; Pink, 4—10msec;
Yellow, 10—16msec; Green, 16-—22msec;
Light blue, 22—28msec; Blue, more than
28msec.
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Fig.9. Pattern of conduction in epicardial
mapping during sustained ventricular tachyca-
rdia with delayed potentials in a dog. Epica-
rdial activation spreads from the epicardial
breakthrough site (—) both in clockwise and
counterclockwise around the area of functio-
nal conduction block. These two wave fronts
join into a common wave front. Delayed
potentials are recorded from the area between
the common wave front and epicardial break-
through site, forming a reactive wave front.
The colors represent the activation times as
follows. Red, 0—30msec; Pink, 30—60msec;
Yellow, 60—90msec; Green, 90—120msec;
Light blue, 120—150msec; Blue, more than
15msec.
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Fig.10. Epicardial maps during sinus rhythm in
the dog which is induced sustained ventricular
tachycardia. The numbers indicate activation
times (msec). The colors represent the
activation times as follows. Yelow, 0—10
msec ; Green, 10—20msec; Light blue, more
than 20msec.
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Fig.11. Delayed potentials during sinus rhythm.
Delayed potentials (arrows) occur with some
interval after the end of ventricular depolariz-
ation as judged from the surface ECG tracing
tracing and reference electrogram. = The site
where delayed potentials are recorded corre-
spond to the earliest excitation point during
sustained ventricular tachycardia.
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Intramural potentlals during ventricular tachycardia.

EP, the earliest

excitation point during ventricular tachycardia (mat electrode No.15); DP,

point where delayed potentials are recorded (mat electrode No.16);
right ventricular apex; Epi,

lead II; RVA,
superficial intramural
endocardial potentials.

potentials ;

IM2, deep intramural

II, ECG
epicardial potentials; IMI1,
potentials ; End,
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Fig.13. Three dimensional mapping during
sinus rhythm. Epi, epicardial mapping ; End,
endocardial mapping. The activation wave
(arrows) spread from the A-V groove side of
the endcardium to whole ventricle in the
direction toward the apex around the area of
the infarction. The numbers indicated in the
map are the activation times (msec), measured
from the onset of QRS complex. The colors
represent the activation times as follows.
Pink, 0—d4msec; Yellow, 4—10msec; Green,
10—20msec; Light blue, 20—30msec; Blue,
more than 30msec.
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Fig.14. Three dimensional mapping during
ventricular tachycardia. The earliest excitat-
ion point is located on the epicardial surface
and activation wave (arrows) spread to the
endocardium. subsequently it spread both in
clockwise and counterclockwise around the
area of functional conduction block as a 8§
figure intramurally. These two wave fronts
fused into a common wave front conducting
to the earliest point again. It proves that
reentrant circuit which was considered to be
epicardial reentry is intramural macroreentry.
Epi, epicardial mapping; End, endocardial
mapping. The numbers indicated in the map
are the activation times (msec), measured from
the onset of QRS complex. The colors
represent the activation times as follows.
Red, 0—30msec; Pink, 30—60msec; Yellow,
60—90msec ; Green, 90—120msec; Light blue,
120—150msec ; Blue, more than 150msec.
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Fig.15. Histopathological feature of transmural
section from the infarcted heart of a dog with
induced ventricular tachycardia. Surviving
myocardial rim or island are noted (Hemato-
xylin-eosin stain, X 20).

Fig.17. Three dimensional reconstruction figure
of the infarcted heart of a dog in which
sustained ventricular tachycardia was induc-
ed. Epicardial surviving myocardial islands
are charactaristically noted which connect
with the residual endocardial myocytic layer
or with each other. The colors represent the
pathological findings as follows. Red, normal
myocardium ; Semitranslucent green, fibrosis
(infarction).

Fig.18. Comparison of three dimensional recon-
struction figure with three dimensional mappi-
ng. The earliest excitation point (%) corresp-
onded to the epicardial surviving myocardial

& e 2 ¥ A 2
Fig.16. Histopathological feature of infarcted
area of a dog. A, chronic phase infarction
(fibrosis) ; B, early phase infarction with cell
infiltration. These two findings are intermi-
ngled in the same section, suggesting histolo-

gical heterogenicity. (Hematoxyline-eosin
stain X 40).

island. Loop like myocytic connection plays a
role of conduction of activation wave. The
site where delayed potentials were recorded
(®) corresponded to the similar architecture
of the earliest point. The arrows represent
the direction of spread of excitation. The
colors represent the pathological findings as
follows. Red, normal myocardium : Semitransl-
ucent green, fibrosis (infarction).
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Fig.19. Histopathological feature of trmasmural section from a patient with
ventricular tachycardia (case 2).
Surviving myocardial island are noted in mature fatty tissue (Hematoxylm
eosin stain, X20).

L, cardiac lumen ; arrow, epicardium
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Fig.20. Histopathological feature of transmural
section from a patient with ventricular tachy-
cardia (case 12).

A, Degenerative myocardium with contraction
band (D),residual myocardium, fibrosis (Fib)
and mature fatty tissue (F) are contact with
each other (Hematoxylin-eosin stain, X20);
B, Mild lymphocytic infiltration is noted
(Hematoxylin-eosin stain, X 100).

Fig.2l. Three dimensional architecture of a
heart tissue from a clinical case (case 2, right
ventricular outflow).

The earliest excitation point (¥r) corresponded
to residual myocytic island within the fatty

degeneration. The colors represent the
pathological findings as follows. Red, resid-
ual myocardium ; Yellow, fatty degeneration ;
Purple, epi-and endocardium.

£

DHTIEE A LIBBHEBICEEL TB YL CBED
B BRI T B 8R4y, MR IERS L o s EE
ahiz. BREHTRL -RREERERAIE, IS8
NTERCBRET 2 ERLHBHC—K L. 2K
RBIEEHBE D 5 OB OH O EERERTH
3. RREHBRENMC BT 2B CREERIEE
PO PR EICE L BET 3 LS ISR s A
CELR® SN, A—ENOEELRIZED 5
NI B RHABEIA L Y YR L RTS8 O AR
SR (223) TIRAROBHLENERG D 5 R

Fig.22. Three dimensional architecture of a

heart tissue from a clinical case (case 2, right
ventricular diaphragm).
The earliest excitation point (s%) corresponded
to residual myocytic island within the fatty
degeneration. The colors represent the
pathological findings as follows. Red, resid-
ual myocardium; Yellow, fatty degeneration ;
Purple, epi-and endocardium.

Fig.23. Three dimensional architecture of a
heart tissue from a clinical case (case 2, left
ventricle). The earliest excitation point ()
corresponded to a band of fibrosis. The
colors represent the pathological findings as
follows. Red, residual myocardium; Yellow,
fatty degeneration ; Purple, epi-and endocardi-
um ; Light green, fibrosis.
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Fig.24. Three dimensional architecture of a
heart tissue from a clinical case (case 6). The
earliest excitation point (%) corresponded to
residual myocytic island within the fatty
degeneration. The site where delayed poten-
tial was recorded (@) corresponded to
degenerated myocardium. The colors represe-
nt the pathological findings as follows. Red,
normal myocardium ; Semitrnsiucent yellow,
fat tissue ; Semitranslucent light blue, epi-and
endocardium ; Blue, degenerated myocardium.

Fig.25. Three dimensional architecture of a
heart tissue from a clinical case (case 7). The
earliest excitation point (%) corresponded to
residual myocytic island within the fatty
degeneration. The site where delayed poten-
tial was recorded (Q) corresponded to
degenerated myocardium. The colors represe-
nt the pathological findings as follows. Red,
normal myocardium ; Semitranslucent yellow,
fat tissue; Blue, degenerated myocardium ;
Pink, epi-and endocardium.
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TR ISR R & BT L B bR T 5 H A
o, MEE T oy 7 QWA RO EEL RS
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M26ic 7 7 0 —MBERHR VT 2B L 7ES
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L, BEEEAR IR M OB AL IR Lz

Sk b U TR RS R SIS 1 IE A,
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Fig.26. Three dimensional architecture of a
heart tissue from a clinical case (case 12).
The earliest excitation point (%) corresponded
to the point where residual myocardium,
fibrosis and degenerated myocyte come in
contact with each other. The site where
delayed potential was recorded (O) corresp-
onded to degenerated myocardium. The colors
represent the pathological findings as follows.
Red, normal myocardium ; Blue, degenerated
myocardium ; Light green, fibrosis; Semitra-
nslucent yellow, fat tissue.
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Abstract

The mechanism of ventricular tachycardia (VT) and the pathological changes involved in VT
were investigated by an electrophysiological study and a three dimensional reconstruction of resected
cardiac muscle. In an experimental study on dogs, a chronic phase infarction was produced by liga-
tion of the left anterior descending coronary artery and all the branches which supply the left ventricu-
lar apex. The VT was induced by the programmed stimulation method. Epicardial mapping and three
dimensional mapping were electrophysiologically studied during the VT. In addition, the findings
were compared with three dimensional images of resected cardiac muscle, which had been recon-
structed by a microcomputer. The programmed stimulation method induced nonsustained VT in 2
dogs and sustained VT in 3 out of 48 dogs. Delayed potentials were detected during sinus rhythm in 1
dog with sustained VT. The site of the delayed potential during sinus rhythm corresponded to the ear-
liest excitation site during the VT, and the site of the delayed potential during the VT corresponded to
the site of the functional block at the end of the reentry route. Three dimensional mapping showed the
earliest excitation site during sustained VT on the epicardial surface. An excitation wave originating
in this site passed through the ventricular wall vertically from the epicardium to the endocardium,
divided into two on the endocardial surface, and spread through cardiac muscle layer in a figure-eight
in clockwise and counterclockwise directions. The two excitation waves formed a common wave
front and reentered at the earliest excitation site, producing a reentry route. Thus, the epicardial re-
entrant image suggested by epicardial mapping was a two dimensional view of macroreentry, involv-
ing the entire layer of the myocardium. Reconstructed three dimensional images showed the remain-
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ing cardiac muscle in a marginal or island pattern around the fibrosis at the earliest excitation site.
The remaining portion of cardiac muscle showed a loop-pattern in contact with the remaining
myocardial layer on the endocardium side. This played a role in the spread of excitation during the
VT. At some sites with delayed potentials, the cardiac muscle remained in an island pattern on the
epicardium side, showing a similar finding at the earliest excitation site. In a clinical study, resected
surgical specimens were three dimensionally reconstructed, and the images obtained by a computer
were compared with the findings of intraoperative epicardial mapping. The reconstructed images
using surgical specimens were characterized by the remaining cardiac muscle, in an island pattern in
adipose tissue, linking of these remaining portions and a degenerated myocardial layer at the site in
contact with the earliest excitation site. At this degenerated site, delayed potentials were detected,
proving that the degenerated myocardial layer with decreased conductivity forms a slow conduction
site required for the formation of reentry. These results clarified the relation between the structure of
the myocardial lesion responsible for the VT and its electrophysiological three dimensional mapping.




