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Abstract. Background: In postinfarction patients, iso-
lated potentials separated by an isoelectric segment
from the ventricular electrogram indicate areas of
block. Isolated potentials can be recorded during both
sinus rhythm and ventricular tachycardia (VT). In an
attempt to differentiate bystander pathways from crit-
ical sites within a reentry circuit, we compared the rel-
ative timing of isolated potentials during VT and sinus
rhythm.

Methods: In 19 patients (mean age 68 ± 6 years)
with postinfarction VT who were referred for VT ab-
lation, mapping was performed in the presence and ab-
sence of VT. Forty-three sites at which there was con-
cealed entrainment during 35 VT’s (mean cycle length
469 ± 74 ms) displayed an isolated potential separated
from the main portion of the ventricular electrogram
by an isoelectric segment of ≥30 msec in the presence
and absence of VT. The interval between the ventric-
ular electrogram and the isolated potential was mea-
sured during VT and baseline rhythm, and the absolute
difference (∆IPI) was calculated. The ∆IPI was signif-
icantly greater at effective ablation sites (119 ± 69 ms)
than at ineffective ablation sites (30 ± 28 ms, p < 0.001).
The positive predictive value of a ∆IPI > 85 ms for an
effective ablation site was 100%.

Conclusion: At sites of concealed entrainment, an ab-
solute difference >85 ms between the isolated potential
intervals during sinus rhythm and VT is highly specific
for a critical area of the VT reentry circuit in post-
infarction patients.
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Introduction

Potentials separated from the main portion of the
ventricular electrogram in patients with prior my-
ocardial infarction are indicative of an area of
block, may occur during systole or diastole [1,
2], and may be present during both ventricular
tachycardia (VT) and sinus rhythm [2]. However,
isolated potentials are not specific for a critical
component of a VT reentry circuit [3]. If an isolated

potential originates from a critical component of
the reentry circuit, the interval between the ven-
tricular electrogram and the isolated potential
during VT and during sinus rhythm may differ
substantially (Fig. 1). On the other hand, if an iso-
lated potential originates in a bystander pathway,
the interval between the ventricular electrogram
and the isolated potential may be similar during
VT and during sinus rhythm (Fig. 2). The purpose
of the present study was to test this hypothesis
by comparing the relative timing of isolated po-
tentials during VT and sinus rhythm at effective
and ineffective ablation sites in post-infarction
patients with VT.

Methods

Patient Characteristics
The 19 patients included in this study were se-
lected from a consecutive series of 45 patients who
underwent left ventricular mapping and radiofre-
quency catheter ablation of postinfarction VT. The
selection criteria for this study were the presence
of left ventricular sites at which there was con-
cealed entrainment during VT and at which an iso-
lated potential was recorded during both VT and
sinus rhythm. There were 16 men and 3 women,
and their mean age was 68 ± 6 years. The mean
left ventricular ejection fraction was 0.23 ± 0.09.
Among the 19 patients, there were 43 sites during
35 VT’s (mean cycle length 469 ± 74 ms) that ful-
filled the entry criteria. The baseline rhythm was
sinus rhythm in 16 patients, ventricular pacing in
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Fig. 1. Schematic depiction of the interval between the ventricular electrogram and isolated potential during VT and during sinus
rhythm, when the isolated potential is recorded in a critical portion of a VT reentry circuit. A figure-of-eight model of a reentry
circuit is shown, and the cross-hatched areas represent areas of block. The distal pair of electrodes of the mapping catheter is
shown. The electrogram recordings (EGM) and the surface QRS complex are displayed on the right. During VT, the mapping
catheter records a ventricular electrogram at site #1 (outside the critical portion of the reentry circuit), and an isolated potential at
site #2 (in the critical common pathway of the reentry circuit). In this example, the interval between the ventricular electrogram and
the isolated potential (isolated potential interval, IPI) during VT is 370 ms. During sinus rhythm (SR), because the wave front
approaches sites #1 and #2 simultaneously, the IPI shortens to 200 ms, resulting in a �IPI of 170 ms.

Fig. 2. Schematic depiction of the interval between the ventricular electrogram and isolated potential during VT and during sinus
rhythm, when the isolated potential is recorded in a bystander portion of a VT reentry circuit. Format and abbreviations as in
Figure 1. During VT, the mapping catheter records a ventricular electrogram at site #1, outside the critical portion of the reentry
circuit, and an isolated potential at site #2, in a bystander portion of the reentry circuit. The IPI during VT is 145 ms. During sinus
rhythm, the IPI shortens minimally to 115 ms, resulting in a �IPI of 30 ms.
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2 patients with underlying high degree AV block,
and atrial fibrillation in one patient.

Mapping
After informed consent was obtained, a 5 Fr
quadripolar electrode catheter was inserted into
a femoral vein and positioned in the right ven-
tricular apex. Programmed ventricular stimula-
tion was performed with 1-3 extrastimuli to in-
duce VT. A 7 Fr catheter was introduced into a
femoral artery and advanced into the left ventri-
cle using a retrograde aortic approach. A 5000-unit
bolus of heparin was administered intravenously,
followed by 1000 units/hour. A quadripolar elec-
trode catheter with a 4 mm tip electrode, 2-5-2
interelectrode spacing, and a thermistor embed-
ded in the distal electrode was used for mapping
and ablation. Bipolar electrograms were filtered
at 50–500 Hz. The intracardiac electrograms and
leads V1, I, II and III were displayed on an oscillo-
scope and recorded and stored digitally (Prucka,
Inc, or EP Med Systems). During VT, trains of
10–15 bipolar pacing stimuli were delivered at a
cycle length 20–100 ms shorter than the VT cycle
length at sites with abnormal electrograms (am-
plitude ≤0.5 mV, duration >60 ms). The current
strength and pulse width were increased to as
much as 10 mA and 9 ms, respectively, as needed
to achieve ventricular capture.

Catheter Ablation

Radiofrequency energy was applied only at sites at
which there was concealed entrainment [3]. Con-
cealed entrainment was defined as entrainment
of VT at multiple pacing cycle lengths, without fu-
sion of the QRS complex. Applications of radiofre-
quency energy were titrated to maintain a tar-
get temperature at the electrode-tissue interface
of 60◦C, and were delivered during VT. All appli-
cations were continued for at least 30 seconds if
adequate heating at the electrode-tissue interface
was achieved. If VT stopped within 30 seconds,
the energy application was continued for a total
of 60 seconds. Programmed ventricular stimula-
tion then was repeated. Successful catheter abla-
tion was defined as termination of VT by an appli-
cation of radiofrequency energy, and the inability
to reinduce that VT by programmed stimulation.
The mean fluoroscopy time for the procedures was
65 ± 21 minutes.

Analysis of Isolated Potentials and Other
Mapping Criteria
A total of 170 sites with concealed entrainment
were screened. At 43 of the 170 sites, isolated
potentials were present during both ventricular
tachycardia and the baseline rhythm. An isolated

Fig. 3. Isolated potential recorded at an effective ablation
site on the anterobasal wall of the left ventricle. Displayed are
leads V1, I and II, intracardiac electrograms recorded at the
right ventricular apex (RVA) and by the ablation catheter
(Abl) at 2 different gain settings (40 and 80 mm/mV), and
lead aVF. (A) Isolated potential recorded during sinus rhythm.
The isolated potential interval (IPI) is 200 ms. (B) At the same
site, the IPI during VT increases to 370 ms. The �IPI is equal
to 370 minus 200 ms, or 170 ms.

potential was defined as a potential that was sep-
arated from the ventricular electrogram by an iso-
electric line of at least 30 ms (Fig. 3). The inter-
val between the ventricular electrogram and the
isolated potential was measured from the points
of maximum positive or negative deflection of the
electrograms, during the baseline rhythm and dur-
ing VT (Fig. 3). The �IPI was defined as the ab-
solute difference between the isolated potential
interval (IPI) during the baseline rhythm and the
IPI during VT. Only sites were selected where dis-
tinct electrograms were recorded at the distal and
proximal electrodes of the mapping catheter.

In a post-hoc analysis, several other criteria
for distinguishing critical from bystander sites
in the reentry circuit also were assessed. These
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consisted of the post-pacing interval [4], the
stimulus-QRS interval (S-QRS) during concealed
entrainment, the S-QRS/VT cycle length ratio, the
electrogram-QRS interval, and whether the
S-QRS during concealed entrainment was equal
to the electrogram-QRS interval.

Statistical Analysis
Continuous variables are expressed as the mean
±1 standard deviation and were compared using
Student’s t test. Discrete variables were compared
using the Fisher exact test or by Chi-square anal-
ysis, as appropriate. A p value <0.05 was consid-
ered significant.

Results

Among the 43 sites at which an isolated potential
was recorded during sinus rhythm and VT, 30 were
effective ablation sites and 13 were ineffective ab-
lation sites. Comparisons of the �IPI and other
mapping criteria at effective and ineffective abla-
tion sites are presented in Table 1. The mean �IPI
at effective ablation sites was significantly longer
than at ineffective ablations sites (p < 0.001). A
�IPI > 85 ms was present at 60% of the effec-
tive ablation sites (Fig. 3), compared to 0% of the
ineffective ablation sites (Fig. 4, p < 0.001). The
S-QRS during concealed entrainment was equal
to the electrogram-QRS interval at 73% of effec-
tive ablation sites, compared to 15% of ineffec-
tive ablation sites (p< 0.01). There were no signif-
icant differences in the post-pacing interval, mean
S-QRS, electrogram-QRS interval, or ratio of
S-QRS to VT cycle length between effective and
ineffective ablation sites.

The individual �IPI intervals at effective and
ineffective ablation sites are shown in Figure 5.

Table 1. Comparison of mapping criteria at effective and
ineffective VT ablation sites in 19 patients

Effective Ineffective
Variable sites (30) sites (13) P

�IPI (ms) 119 ± 69 30 ± 28 <0.001
�IPI > 85 ms 18/30 (60%) 0/13 (0%) <0.001
S-QRS (ms) 235 ± 87 228 ± 121 0.8
EGM-QRS (ms) 209 ± 87 155 ± 89 0.1
PPI-VTCL (ms) 104 ± 132 180 ± 186 0.2
S-QRS/VT CL < 0.7 23/30 (77%) 7/13 (54%) 0.1
S-QRS = EGM-QRS 22/30 (73%) 2/13 (15%) <0.01

Abbreviations: CL: cycle length; EGM-QRS: electrogram-QRS inter-
val (endocardial activation time); IPI: isolated potential interval; PPI-
VTCL: VT cycle length subtracted from the postpacing interval; �IPI:
absolute difference between IPI during baseline rhythm and during VT;
S-QRS: stimulus-QRS interval; VT: ventricular tachycardia.

Fig. 4. Isolated potentials recorded at an ineffective ablation
site at the mid-anterior wall of the left ventricle. Displayed are
leads I, aVF, and V1, and intracardiac electrograms recorded
by the ablation catheter (Abl), and at the right ventricular
apex (RVA). (A) Isolated potential recorded during atrial
pacing. The isolated potential interval (IPI) is 115 ms. (B) At
the same recording site, the IPI during VT is 145 ms.
Therefore, the �IPI is equal to 145 minus 115 ms, or 30 ms.

Table 2 compares the sensitivity, specificity,
and positive and negative predictive values for
an effective ablation site of the �IPI > 85 ms
and of a stimulus-QRS interval equal to the
electrogram-QRS interval. The positive predictive
value of a �IPI > 85 ms for an effective ablation
site was 100%.

Discussion

Main Findings
In this study, the relative timing of isolated poten-
tials during VT and sinus rhythm was compared
at sites that demonstrated concealed entrainment
of VT. A large (>85 ms) absolute difference in
the IPI between VT and sinus rhythm was found
to be highly specific for a critical site within the
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Table 2. Sensitivity, specificity, and positive and negative
predictive values of mapping criteria for an effective VT
ablation site

Variable Sensitivity % Specificity % PPV % NPV %

�IPI > 85ms 60 100 100 52
S-QRS 73 85 91 58

= EGM-QRS

Abbreviations: PPV: positive predictive value; NPV: negative predictive
value; other abbreviations as in Table 1.

Fig. 5. The �IPI at effective and ineffective ablation sites.
The mean ± standard deviation for each group is also shown.
Note that a �IPI > 85 ms was recorded only at effective
ablation sites.

VT reentry circuit. However, when the absolute
difference between the isolated potential interval
during VT and sinus rhythm was <85 ms, the
probability that the recording site was within a
critical component of a reentry circuit was approx-
imately 50%.

Significance of Isolated Potentials
A prior study demonstrated that isolated poten-
tials during VT often reflect the presence of fixed
anatomical barriers within a critical component of
a reentry circuit [2]. Consistent with this finding,
in an in vitro preparation of human cardiac tissue
in which VT was induced, histologic examination
of the sites that displayed mid-diastolic potentials
during VT demonstrated a surviving myocardial
bundle surrounded by fibrous tissue in a zone of in-
farction [5,6]. Furthermore, another study demon-

strated that sites that display an isolated potential
during VT also may display the isolated poten-
tial during sinus rhythm [7]. This suggests that
isolated strands of myocardium responsible for a
critical component of the reentry circuit can also
be detected during sinus rhythm, as demonstrated
in this study.

Relative Timing of Isolated Potentials
During VT and Sinus Rhythm
Since isolated potentials may indicate activation
of muscle bundles within regions of block, their rel-
ative timing during VT and sinus rhythm should
depend on whether the recording site is within
or outside a critical component of the reentry cir-
cuit. As depicted in Figure 1, the components of
the reentry circuit are activated in a different se-
quence during ventricular tachycardia than dur-
ing sinus rhythm. If the isolated potential is gen-
erated within a critical isthmus of the reentry cir-
cuit, the IPI interval may be shorter during sinus
rhythm than during VT. This would explain why
a >85 ms difference in �IPI was highly specific
for an effective ablation site. On the other hand, if
the isolated potential is generated in a bystander
region, activation of the bystander area relative
to other areas may not differ to a great extent be-
tween VT and sinus rhythm (Fig. 2).

At some effective ablation sites, the �IPI
was <85 ms. This may be explained by the position
or orientation of the recording electrodes relative
to the reentry circuit. For example, as the mapping
catheter is positioned nearer to the exit site of the
reentry circuit, the �IPI is accentuated (Fig. 6A).
Conversely, the closer the catheter is to the entry
site of the reentry circuit, the smaller the �IPI
(Fig. 6B). If the ablation catheter is oriented lon-
gitudinally relative to the common pathway, the
�IPI may be 0 (Fig. 6C).

Comparison with Other Criteria
Among the other mapping criteria that were ana-
lyzed in this study, the only criterion other than
the �IPI that distinguished effective and inef-
fective ablation sites was a S-QRS interval dur-
ing concealed entrainment that was equal to the
electrogram-QRS interval [8]. As demonstrated in
a prior study, the post-pacing interval was not an
effective discriminator, possibly because its accu-
racy is limited by the assumption that pacing re-
sults in a depolarization at the site where subse-
quent electrograms are recorded [4].

A stimulus-QRS interval/VT cycle length ratio
of <0.7 did not differentiate effective from inef-
fective sites in this series. This might be due to
a selection bias that excluded sites (such as inner
loop sites) at which radiofrequency ablation was
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less likely to be effective. This is in agreement
with the findings of Harada et al., who demon-
strated that isolated potentials are less frequently
observed during sinus rhythm at inner loop sites
than at common pathway sites [9].

Limitations
A limitation of this study is that only sites at
which concealed entrainment was present were

Fig. 6. Examples of how the �IPI at effective ablation sites may be affected by the position and orientation of the electrode catheter
to the reentry circuit. (A) If the electrode catheter is positioned closer to the exit site of the reentry circuit, the �IPI is increased. (B) If
the electrode catheter is positioned close to the entry site of the reentry circuit, the �IPI becomes smaller. (C) If the electrode catheter
is positioned longitudinally over the common pathway, the isoelectric segment between single potentials disappears and the spacing
between the individual potentials is identical. Since there is no isoelectric line between individual potentials sites like this were not
included in this study.

(Continued on next page.)

analyzed. Therefore, the value of the �IPI at sites
at which there is not concealed entrainment re-
mains unknown.

Another limitation is that only patients in
whom isolated potentials were present during
VT and sinus rhythm were included in this
study. Because isolated potentials are not present
during VT and sinus rhythm in all patients,
the overall sensitivity of �IPI for an effective
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(c)

Fig. 6. (Continued).

ablation site in unselected patients with VT may
be lower than determined in this study. The in-
fluence of local conduction velocity and dimen-
sion of the reentry circuit was not investigated.
Conduction velocity would be expected to influ-
ence both bystander and critical isthmus sites
to the same extend; therefore, the local conduc-
tion velocity alone would not explain the higher
�IPI that was seen exclusively at critical isth-
mus sites. With respect to reentry-circuit and
bystander pathway dimensions, they certainly
impact on the IPI, but this impact would be
expected to be similar during VT and sinus
rhythm, so that the �IPI would probably not be
affected.

In this study, there were only 13 ineffective ab-
lation sites that were used for comparisons with
30 effective ablation sites. Therefore, the find-
ings will require verification with larger sample
sizes.

Conclusions
Because concealed entrainment has a positive pre-
dictive value of only 50% for an effective abla-
tion site, it is useful to have other discriminators
of effective and ineffective sites available. This
study demonstrates that if an isolated potential
is present during VT and sinus rhythm, a �IPI >
85 has a very high positive predictive value for an
effective ablation site.
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