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Stimulation as a Key to Tachycardia Localization and Ablation*

JOHN D. FISHER, MD. FACC
Bronx, New York

“'Identification and Catheter Ablation of a Zone of Slow
Conduction in the Reentrant Circuit of Ventricular Tachy-
cardia in Humans™ by Morady and collcagues from the
University of Michigan and Fontaine from Paris. appearing
in this issue of the Journal (1), represents a major break from
previous mapping techniques. In their article the authors
declare the primacy of stimulation mapping over activation
mapping for specific types of ventricular tachycardia. Their
report joins a growing number of reports that emphasize the
importance of the results of stimulation as a mcans of
tachycardia localization (2-4). The reader of such reports
may well wonder about the origin of these changes in
viewpoint and about the universality of the findings. Some of
these issues are addressed in this editorial.

Background

Three distinctly different mapping techniques are used
clinically for the localization of tachycardias. Although these
techniques are applicable 1o supraventricular as well as
ventricular arrhythmias, the latler will be used as the model

gl xhe presem i

arc made from multipie
sites during (achycardla The carliest depolarization occur-
ring before the inscription of the QRS complex is considered
the *‘site of origin’* (5). In most instances, successively later
depolarizations cccur as the distance from the site of origin
increases. Successive depolarizations can be recorded
throughout the QRS complex and beyond. For rapid tachy-
cardias there may be no “'gap™ between the final depolari-
zations associated with one QRS compiex and the earlisst
depolarizations related to the next QRS complex. The ques-
tion then arises as to whether there is a continuum between
the late potentials recorded under these conditions and the
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early depolarization: in other words, has an entire reentrant
circuit been recorded or do the tate depolarizations merely
derive from myocardium at a distance from the actual
cireuit? Spacial relations can sometimes answer this ques-
tion. but in other instances the dilemma is difficult to resolve.
With slow tachycardias there may be relatively long periods
of electrical sifence during which no depolarizations can be
recorded (6. Because it is assumed that most tachycardias
are due to reentry, the implication is that the period of
electrica! silence represents slow conduction through dis-
eased tissue resulting in depolarizations too small to be
recorded using conventional clinical technigues (1.6-8). It is
this area of the circuit that Morady and colleagues have
addressed.

Therapy based on activation mapping has involved sur-
gical or other ablation of the sile of earlicst recordable
depolarization (the **site of origin"" as previously described).
This has heen quite successful in the operating room (9-11).
Activation mapping has not proved as successful when used
with catheter ablation techniques (12-14). Maps that would
be considered almost ideal in the operating room with well
circumscribed sites of origin have been ablated only to have
the lachycardia relurn. The larger amount of tissue removed
or destroyed by surgical techniques probably accounts for
the greater success of surgery. More detailed explanations
will appear in subsequent sections.

Sinus rhythm or passive mapping. Electrograms are re-
corded from multiple sites during sinus rhythm (7,15.16).
Delayed, low amplitude or fractionated potentials are sought
that may indicate areas of siow conduction could be part
Ol a reentraiil circuit. 3
been sought using surface signal-averaging techniques and
appear to correlate with the presence of reentrant circuits
(17). With operative or catheter mapping, sinus mapping has
proved somewhat problematic because abnormal potentials
may be recorded in many different sites in some patients and
can be entirely absent in othem

Pace ing and sti The concept is
that stimulation at the “site of origin™ of a tachycardia
should reproduce the QRS configuration precisely (pace map
maich) in each of the I2 leads of a surface eleclrucardxogram
(ECG) (18). Using ¢ | pacing amp approx-
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Figure 1. Ventricular tachycardia {schematic). A large area of the
ventriele is represcnled by the circle. To the left is dense scar
represented by the cross-hatched area and to the right is normal
*‘good”” myocardium. The stippled arca represents a border zone, A.
B.C. Dand £ represent sites of recording and stimulation. See texi
for details.

imate pace map malches can be obtained, often over a wide
and imprecisc arca (19}, but 12 lead pace map matches have
proved difficult 1o oblain in most patients. Morady and
colleagues (1) have extended the pace map hni;
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Figure 2. Ladder diagram of ventricular tachycardia (VT} and
pacing at sites A, B, C, DandEas descnbed inthe text. CL. = cycle

length in milli ECG =

itabl h

tissue. $0 in the form of a river delta. The

through the use of high amplitude stimulation in scarred
areas wilh high stimuiation thresholds.

A variation on ihe pace map technigug involves stimula-
tion in an attempl to diffcentiate carly “'site of origin™
potentials frora late potentia - that may be irrelevant (20,21).
During tachycardia, extrast muli that are able to enter the
circuit and reset the tachvcardia should result in early
depolarization at the *‘true’" site of origin whereas the timing
of irrelevant late depolarizations will be widely scattered.
Similar effects will be obiserved on tachycardia recovery
beats after cessation of pacing that failed to interrupt Lhe
tachycardia. Again, Morady and colleagues have extended
this concept by looking a thc sequence of depolarization
during pacing in the zone of stow conduction.

Hhustrations, Explas:ations and Questions

Although some of the follewing illustrations are complex,
they may help clarify a varies / of issues and concepls.

Figure 1: schematic repr.:entation of a large area of a
ventricie in a patieni wiii ventricular tachycardia. The
hatched area to the left represents dense and inexcitable
scar. Normal “good”* myocardium is to the far right. The
stippled area represenss a border zonc consisting of a mix-
ture of slowly conducting diseased myocardial fibers inter-
spersed with scar tissue.

This schematic diagram is arranged (with some poetic
license) to account for the phenomena observed by Morady
and colleagues {1). Area A rcpresents the earliest activation

T “site of origin™ that would be mapped convertionally.
Area B represents a nearby slightly later arca of reentry into
the good myocardium separated from A by an island of less

wave front propagates quickly (smoothly curved arrow)
through the good myocardium represented by area C. Two
alternative mechanisms are then shown and are represented
by dashed lines. After propagating through the myocardium,
the wave front could reenter the border and scarred zones,
traveling slowly (wavy lines) to areas D and E and finally
reentering the good myocardium at areas A and B. An
alternative would bhe an area of microreentry within the
scarred arca shown at the lower left of the illustration. Note
that the slowly conducting tissue from areas D and E forms
a channel bounded by inexcitable scar. For the events
described by Morady and colleagues, the macroreentrant
circuit would have to be unidirectional, without the possi-
bility of retrograde conduction through the scarred area into
the good myocardium.

Figure 2: recording and pacing at sites A, B, C, Dand E
from Figure 1. In Figisc 2, conditions depicted in Fignre 1
are represented in ladder diagram format. A representative
ECG is shown together with recordings from sites A to E.
Timings (in milliseconds) are ﬁhnwn relative to the QRS
onset, which is ideatificd by the ECG, and by the narrow
vertical lines connecting the paneis. These sequences are
consistent with the observations of Morady and colleagues
(1) with unidirectional conduction within the slowly conduct-
ing zone. In discussing the details of Figure 2 it is assumed
that the macroreentrant scenario from Figure 1 exists. Re-
sults would be similar if the microreentrant scenario were
used excepl that pacing at sites A, B and C would not
produce the same sequence at sites D and E. The panel at the
upper lefl represents sustained ventricular tachycardia (VT);
subsequent panels represent the effects of pacing at sites D,
E. A, B and C and are represented in that order. The three
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llustrations on the left (pancls ¥YT. D and B) ali have
identical QRS complexes and imitiad seyuences ol war-
ization. This is in contrast to penels A, B and C to *he night,
even though panel A represents pacing at the “site of origin™
as conventionally detcrmined

Panel VT. Ventricular tachycardia exists at a cycle
fength of 530 ms. The “earlies. ™ depolarization is at site A,
wilh a timing of — 100 ms with raspect to the QRS complex,
Area B follows ai ~50 ms. According to the conventions of
Figure |, the depolurization at area B represents an afterma.
tive exit into the good myocardium rather than conduction
from site A to site B. Depelarization of the good myocar-
dium proceeds. with site C depolarizing 30 ms after the QRS
inscription, equivalent to —500 ms with respect to the
subsequent QRS complex. Finally. nreas D and E in the
slowly conducting zone arc depolarized at ~350 und -200
ms respectively. Sites D and E could be considered as the
truly early sites of depolarization if they could be recorded in
each instance. However. electrograms are often difficult 1o
record from arcas of dense scar using clinical techniques.
Therefore, recordings from areas D and E are shown here
but are not critical to the argument or (as shown by Morady
and colleagues) to the clinical resalts.

Panel D: pacing ar site D. The pacer stimulus is large,
representing the high threshold at this site. The stimulated
wave front propagates to site E. requiring 175 ms in contrast
to the 150 ms shown in Panel VT, as a result of relalive
refractoriness in the slowly conducting zone. Compared with
pane! VT, an additional 25 ms are also required to conduct
from site E io sitc A. The stimulated wave front. having
traveled down the channel from D to E. then emerges at sites
AandBinthe same sequence us for spontancous ventricular

hycardia, p g an id al ECG and AB.C se-
quence.

Panel E: pacing at site E. Again, a high stimulus
amplitude is required. The wave front propagates from site £
to A,B,C in the same fashion as sponlancous veatricular
tachycardia, again producing an identical ECG. As with
panel D, there is some slowing of conduction in the circuit.
The timing at site D in panel E assumes only anterograde
macroreentry in the circuit. The actual timing at site D is
irrelevant. Note that the stimulns ta QRS interval is mark-
edly prolonged in panels D and E. reflecting stimulation in
the slowly conducting zone.

Panel A: pacing ot site A, In this example, pacing at A,
the conventional site of origin. does not exactly reproduce
the ECG configuration during ventricular tachycardia. This
is because during ventricular tachycardia the ECG config-
uration is a fusion due to depolarization of the good myo-
cardium by way of pathways to sites A and B (Fig. 1). Thus,
stimulation at site A does not produce the same A.B.C
sequence as observed during spontaneous tachycardia. Note
that in panels A and B the pacemaker stimulus amplitude is
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ce text for details.

Figere 3. Ventricular tachycardia scenarios
Ly L Stim = stimulation

= left ventricle: RV = right ventricle
amplitude

of maderate amplitude. reflecting the intermediate charac-
teristics of the border zone.

Panct B: pacing at site B, Virally equivalent 10 pacmg,
at site A, the QRS depolarizati
ditfer from those of spantancous ventricular lachycar a.

Panel C: pacing at site C. Only a low amplitude stimulus
is required to obtain capture at this site in the gosd myocar-
dium. However, the QRS configuration and scquence of
depolarization are emtirely different from these observed
during spontaneous ventricular tachycardia.

Figure 2: implications. Relatively small lesions at site D
or [ would interrupt the tachycardia circuit or ** pathway ™ to
good myocardium, blocking it with dense scar. A similarly
small lesion at sile A or sile B would leave intact the

complex leadmb to Speculdllﬂn as to whelher the ablallon

had caused a “new" tachycardia. If sites A and B are
relatively close together. a surgical resection might be
cxpected to remove both sites A and B. which would be
cffective in preventing recurent tachycardia. Because con-
duction in good myccardium is syncytial, ablation of any
type at arca C or clsewhere in the good myocardium would
not have any significant ¢ffect on the arrhythwmia,
Nonuniversality of ventrieular tachycardia mechanisms
and tr (Fig. 3). The s s achieved with iden-
tification and ablation of the zone of slow con-urtion should
not lead to unbridied optimism or enthusiasm. The patients
deseribed by Morady and colleagues (1) were highly sc-
lected: they had incessant ventricular tachycardia that was
velatively slow, well tolerated and of a single configuration.
Many patients have rapid, poorly tolerated ventricular
tachycardia even in the presence of antiarthythmic drugs.
Patients may have ventricular tachycardia with several con-
figurations and apparent sites of origin {11). The figures in
this editorial emphasize reentrant circuits having anatomi-
cally defined pathways. Experimental data (8) male it elear
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that many recntranl circuits are related to functional arcs of
block that can vary in physical position and that may be
associated with wave fronts producing a figure eight pattern
rather than a canventional circle. Unidirectional conduction
within a circuit docs not always prevail (11), and it remains
uncertain how often high amplitude stimulalion in the zone
of slow conduction will be able to produce a *‘pace map
match." Some of these issues are addressed in Figure 3.
Figure 3: schemstic circuit diagrams. In these figures, the
stippled area represents scarred myocardium with a zone of
slow conduction assumed to exist within, The clear area
represents good myocardium and is labeled “*muscle.”
Figure 3, panel A. There is a microreentrant circuit
within the scar. Several possible pathways to the good
myacardium exist, the fastest of them represented by the
straight arrow slanting upward and producing a conventiorial
“site of origin.™ Pacing along the shaft of this straight arrow
in the scarred arca would reproduce all the conditions
outlined by Morady el al. and detailed in Figures | and 2. In
this instance, ho'vever. an alteruative pathway from the
reentrant circuit to the good myocardium exists that is quite
different from the nearby pathways depicted in Figures | and
2. Here, the alternative pathway conducts very slowly
(indicated by the wavy line) and would reach the good
muscle at a site quite remote fram the conventional site of
origin, Thus, ablation of the more rapid pathway not only
would fail to affect the microreentrant circuit but also would
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could behave much as those described by Moragy and
colleagnes. Some of these circuits are certainly canable of
conduction in either direction, resulting in limitations such
as those described for panel C. It is our unpublished clinical
impression that scveral alternative pathways may exist
through the isthmus in some patients, resulting in limitations
somewhat similar to those described for panel B.

Figure 3, panels E and F. In panel E a “mini"’ macro-
reentrant circuit is shown involving a scar largely sur-
rounded by good muscle. Such a circuit may exist in a
papillary muscle or in the septum, which may be scarred on
the left side while good myocardium remains on the right.
Using the septal scenario in panel E, the circuit depolarizes
the myocardium 1o the right (the left ventricle) with subse-
quent conduction from the left to the right ventricle. In pancl
F the stimulus is of sufficient amplitude to capture both the
circuil and the right veniricle. This results in failure to
achieve a pace map match. Our unpublished data indicate
that increasing stimulation amplitudes at a site on the scarred
septum can result in a whole sequence of QRS configura-
tions, representing differing degrees of fusion.

Ventricular Tachycardia Mapping: The State
of the Art

The attractiveness of catheter ablation of ventricular
lachycardla has focused attention on the need for better

permit exp of the slow pathway, £ in a very
different site of origin and tachycardia configuration. Suc-
cessful ablation of the tachycardia would depend on precise
locali of the mi ant circuit or identi-
ficalion and ablation of each pathway.

Figure 3, panel B. Again, :. microreentrant circuit exists
within the zone of slow conduction, this time with several
pathways to the good myacardium having roughly equiva-
lent conduction characteristic,. Both a pace map match and
a conventional site of arigin wauld be difficult to achieve. As

As part of this process, increasing
interest has been directed to the zone of slow conduction.
The finding that pacing within the zone requires higher than
usual pacing stimulus amptitudes, but can resuit in virtually
perfect pace map matches, represents a significant contribu-
tion. From an interpretative viewpoint, what then is the state
of the arnt?

Sinus mapping. This can be useful in some instances but
is nonspecific.

Activation mapping. This is helpful in most instances but

with panel A, precise localization of the micr

circuil would be required 1o achieve successful ablation at a
single site. It is not certain whether pacing at such a site
would result in a perfect pace map match, given the muitiple
alternative exit pathway e goud myocardium.

Figure 3, panel C. A macroreenirant circuit exists
capable of conduction in either direction. This results in two
different sites of origin and wo different configurations,
Operating room maps make it clear that such scenarios arg
not rare (11). In this situativn, pacing in the zo.e of slow
conduction could result in poth anterograde and retrograde
conduclion in the circuit, resulting in fusion complexes that
would differ from either of the spontaneous tachycardia
configurations.
wre 3, pamel D, Macroreentry exists throughout a
large arca of myocardium, with slow conduction through a
narrow isthmur of slowly conducting tissue. These circuits

may be As illuslrated earlier in this editorial, the
conventional concept of a “site of origin’ is tenuous.
Potentials may be too low in amplitude to permit mapping in
the slow conduction zone (1,6-8). Ablation of the “site of
origin™ may fail to elminate the target tachycardia (12-14).
Di ance of an app early | without termi-
nalion of the tachycardia is evidence that the apparent site of
origin is not in fact a critical part of the circuit. However,
termination of the tachycardia aﬂer disappearance of an

early p ial is not foolp id tiat the early
potential was a critical part of the circuit.
Pacing and exir hanced activation

(20,21). If the tachycardia is reset by spontaneous extrasy-
stoles, programmed stimulation er pacing, it may be possible
to draw several inferences. If the reset tachycardia resumes
with the presumed early potential in ils original position, it is
indeed likely that this represents an early rather than a very
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late potential. However. as illustrated in Figures 1 and 3.
demonstration of an carly potential does not necessarily
indicate that a critical portion of the recatrant cicuit has
been identificd.

Pace mapping. The report by Morady und colleagues (1)
suggests that a perfect 12 lead puce map mawch combined
with a prolonged stimulus to QRS interval identifies a nurrow
conducting pathway surrounded by inexcitable tissue that is
used in the production of the spontancous tachycurdia QRS
complex and represents a suitable site for an ablation ut-
tempt. As shown in Figures 1 and 3. such sites are not
necessarily critical portions of the tachycardia circuit. Even
when such sites are part of the circuit. bidirectional conduc-
tion during pacing may prevent a pace map match

Pacing during tachycardia may increase the likelihoad of
achieving a pace map match. Pacing during sinus rhythm
may promote bidirectional conduction and failure to achieve
amatch. Pacing during éstablished tachycardia may produce
a match: anterograde conduction would proceed in the
direction producing a match; retrograde conduction-would
not cause changes in the QRS complex if the retrograde
wave frant collided with the anterograde wave front in the
zone of slow conduction. The pace mapping approach in the
zone of slow conduction involves the concept of entrainment
(22), which can occur with or without fusion depending on
circuit characteristics and site of stimulation (23).

‘The ideal map. Many, perhaps the majority. of patients
with ventricular tachycardia do not meet the most stringent
criteria for each of the mapping techniques. The most
accurate maps combine as many positive components as
possible, without producigg any evidence that the site m
question is irrelevant. Because of the many clinical sub-
strates and tachycardia configurations that prevail, it would
be premature to move beyond such general guidelines.
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